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6. Add a 1 :20 dilution of polyclonal goat anti-human IL-6 (Collaborative Research 
Inc., Bedford, MA), incubate at RT for 1 h. 

7. Wash with PBS and apply biotinylated rabbit anti-goat IgG for 20 min. 

8. Wash with PBS and treat with peroxidase-conjugated streptavidin (Zymed Labo- 
ratories Inc.) at RT for 20 min using the labeled avidin-biotin method. 

9. Wash with PBS and add AEC substrate solution. 

3.3.9. Renal Tumor Proliferation Assay 

1. Seed 3 x 10 4 renal tumor cells/well in 24-well culture plates for 24 h. 

2. Withdraw supernatant and wash the cells twice with RPMI-1640 medium. 

3. To each well add 1 mL of test-conditioned medium (triplicates). Test-conditioned 
medium contains various concentrations of IL-6 and/or mAb against IL-6. 

4. Add 0.2 mCi [ 3 H]dt to each well. 

5. After 48 h remove supernatant and wash cells twice with RPMI-1640. 

6. Add 0.5 mL of 0.5% SDS to each well and allow cells to disintegrate. 

7. Transfer SDS into scintallation vials containing 10 mL scintillation cocktail 
(ScintiVerse II, Fisher Scientific, Fair Lawn, NJ), and count with a beta counter. 

3.3.10. Clonogenic Assay 

Methods used were as described before (10) with modifications. 

1. Underlayer plated on 35 mm Petri dishes consisted of: 

a. 0.5% agar with 25% FCS 

b. 25% IX RPMI-1640 medium 

c. 25% 2X RPMI-1640 medium 

2. Suspend cells in the upper layer consisting of: 

a. 0.3% agar with 25% FCS 

b. 25% 2X RPMI-1640 medium 

c. Various concentrations of IL-6 and/or mAb 

3. Plate tumor cells at a concentration of 2-3 x 10 4 cells/plate. 

4. Incubate at 37°C in 5% C0 2 . 

5. Exam under inverted microscope every 2-3 d. 

6. Final colony count is made at 10-14 d. 
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3.4. Interferon-a 

Immunotherapy using systemically administered interferon-a (IFN-a) has 
demonstrated efficacy in the treatment of advanced RCC as a single agent and 
combination with IL-2 resulted in an improved clinical response rate (11) . 
However, side effects associated with this therapy are significant, and to 
decrease the toxicity of this form of therapy we have evaluated the role of local 
production of cytokines at the tumor sites. The method involves the transfec- 
tion of tumor with genes for human IL-2 and/or IFN-a. This alternative form 
of therapy has shown effective prevention and alteration of tumor growth in 
vitro and in vivo (12,13). The method for this purpose is shown as follows. 

3.4.1. Gene Construction 

1. Plasmids pIL-2-50A (Dr. T. Taniguchi, Japan Foundation for Cancer Research, 
Osaka, Japan), and Berg IFN-a (Shionogi Laboratory, Osaka, Japan). 

2. Cleave plasmid pIL-2-50A using Pstl and Berg IFN-aA with £coRI. This releases 
human IL-2 and IFN-a complementary DNA (cDNA). 

3. Introduce Notl cutting site to both cDNAs using polymerase chain reaction. 

4. Ligate cleaved cDNA to Notl cleaved and dephosphorylated pGEM3 Sra.neo 
expression vector (Shionogi Laboratory). This constructs IL-2 and IFN-a 
expression vectors under transcriptional control of simian virus 40 (SV40) 
promoter plus human T-cell leukemia virus enhancer. 

5. Active transcription and translation of cytokine from the constructs can be 
confirmed by transfection into COS-7 cell line and using the DEAE dextran method. 

6. Use plasmid vectors expressing the highest titer of cytokines were used to trans- 
feet Rl 1 renal tumor cell line. 

7. Tranfect Rl 1 cells using calcium phosphate precipitation. 

8. Select cells for Neo gene expression by adding G418 (500 u,g/mL) (Geneticin; 
Gibco-BRL). 

9. Select G418 resistant colonies and expand individually. 

10. IL-2 secreted is measured by ELISA kit (Collaborative Research) using medium 
with 1 x 10 6 cells of transfectant clones. 

11. IFN-a activity is measured by viral inhibition assay. 

3.4.2. Coculture Experiments 

1. Coculture 2-5 x 10 5 /mL parental tumor cells or 2 x 10 5 /mL peripheral blood 
lymphocytes (PBL) with 2-5 x 10 5 /mL transfected tumor cells. 

2. Culture for 3 or 6 d using a cell culture device with a porous-bottom dish inserts 
(Transwell Costa, Pleasanton, CA). This device permits released cytokines to be 
freely transported between the upper and lower compartments. 

3.4.3. Proliferation and Cytotoxicity Assays 

1. Determine cell proliferation by tritiated thymidine ([ 3 H]dt) incorporation. 

2. Seed 5 x 10 4 cells/ml in a 24-well plate in triplicate. 

3. Incubate for 24, 48, and 72 h. 
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4. Pulse with 0.1 u,Ci of [ 3 H]dt for 24 h. 

5. Harvest cells and measure cytotoxic activity using 4 hour or 18 hour chromium 
release assay. 

3.4.4. Fluorescence-Activated Cell-Sorter (FACS) Analysis 

1. Incubate 5 x 10 5 cells with appropriate mAbs for 30 min at 4°C. 

2. Wash cells twice with PBS. 

3. Incubate with fluorescein isothiocyanate-labeled goat anti-mouse antiserum for 
20 min at 4°C. 

5. Wash twice with PBS. 

6. Analyze using a FACS scanner. 

3.4.5. Northern Blot Analysis 

The Northern blot analysis is prepared and conducted as previously mentioned. 

3.4.6. Animal Studies and Immunohistochemistry 

1. Tumors in mice are established by injecting 5 x 10 6 cells/0.3 mL subcutaneously 
in the right or left lower abdominal quadrant. 

2. Use immune-deficient mice such as B mice (C3Hf/Sed/Kam mice rendered T-cell 
deficient by splenectomy, thymectomy, and supralethal irradiation. Mice are then 
reconstituted with anti-Thy 1.2-treated bone marrow cells). 

3. For a mixed tumor transplantation assay, inject a mixture of 1 x 106/0.7 mL 
transfected and parental Rl 1 cells at a 1:1 ratio. 

4. Measure tumors every 2-3 d using Vernier calipers. 

5. For immunohistochemistry, tumors were disected off the mice and fixed in 10% 
formalin. 

6. Block in paraffin and section into 4 fim slices. 

7. Stain with hematoxylin-eosin and examine under the microscope. 

8. For immunoperoxidase staining, embed tissue in OCT and snap freeze in 
liquid nitrogen. 

9. Cryostat sections and stain with: 

a. Mac-1 (TIB 128) 

b. Lyt-2(TIB211) 

c. L3T4 (TIB 207) 

d. Preimmune serum used as control 

10. Incubate sections with peroxidase-conjugated goat anti-rat IgGs. 
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Monoclonal Antibodies 

Generation and Clinical Use 
Egbert Oosterwijk 

1. Introduction 

Originally, the term "antibody" referred to an unknown entity in serum, which 
had the capacity to neutralize pathogenic bacteria. Ehrlich discovered that the so- 
called antibody had to be a discrete substance, and was the first to propose a theory 
on antibody formation (1). A few years later, he hypothesized that antibodies might 
be applied for selective treatment of cancer, provided that the antibody showed 
specificity for the tumor tissue (2). Later studies showed that antibodies could be 
produced against a wide variety of substances, including tumors. 

The search for (tumor-related) antigens was given an enormous boost by the 
development of hybridoma technology in 1975 (3). The profound impact of 
this technology is reflected in the fact that the Nobel Prize was awarded to the 
discoverers of this technology. 

In the study of renal cancer, investigations by various laboratories have 
provided numerous mAb probes with a high degree of specificity for kidney- 
related antigens (4-11). Expression of these antigens is in most cases specific 
for a particular segment of the nephron (5,6,9,10). Definition of the antigenic 
phenotype of the various cell types that comprise the normal adult nephron 
have provided a reference point for further studies in nephron development, 
the histogenesis of renal cancers, and studies examining normal and neoplastic 
renal epithelium cells in tissue culture (12-14). Clearly, molecular probes such 
as monoclonal antibodies (mAbs) can discriminate what is not apparent at the 
level of the microscope. There are multiple subtypes of renal cancer, which can 
be subclassified at the molecular level. As these subtypes are elucidated, these 
distinctions are shown to have clinical relevance. 
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In the early 20th century, Ehrlich suggested that antibodies could be used to 
selectively target cancer. The theory of selective targeting of cancer became 
widely known as the (popular) concept of using antibodies as "magic bullets." 
The concept of selective tumor targeting with antibodies is based on the inter- 
action between the antibody and an antigen, which is expressed in malignant 
cells but not in normal tissues. The term "tumor-specific antigen" should be 
avoided, because truly tumor-specific antigens have not been identified. Thus, 
a tumor-associated antigen can be defined as an antigen that is predominantly 
expressed by malignant cells of a certain tumor type. The ultimate goal of tumor 
targeting using antibodies is to develop an effective treatment for malignancies 
for which there is no effective therapy available yet. Targeting of labeled anti- 
bodies may also provide a useful tool for the detection of tumor lesions, which 
might alter treatment strategies. 

For renal cell carcinoma (RCC) of the clear-cell type, clinical experience 
with the use of mAbs is most extensive with mAb G250. The initial decision to 
pursue clinical studies with this mAb was based on its unique tissue distribu- 
tion: almost completely absent from normal tissues, whereas RCCs showed 
high, homogenous expression (4). This mAb is now known to recognize 
carbonic anhydrase IX, whose expression is absent in the normal kidney (15). 
However, mAb G250 is not tumor-specific in the absolute sense, as the mAb 
demonstrates some reactivity with normal gastric mucosal cells and with cells 
of the larger bile ducts (4). Clinical studies with radiolabeled mAb G250 in RCC 
patients have demonstrated the ability to selectively and specifically deliver mAb 
to RCC sites with a high absolute amount of mAb delivered to tumor sites. G250 
can successfully target and image both primary and metastatic RCC, including 
both bone and soft-tissue metastasis (16-20). Quantitative analysis of tissue 
samples revealed peak ratios of tumor:serum of 178:1, tumor:normal kidney of 
285:1, and tumor :liver of 92:1 at 1 wk after mAb administration, among the 
highest ever achieved with mAb (16). In addition, approx 25% of patients stud- 
ied were imaged at sites not suspected on the basis of conventional imaging tech- 
niques. In many of these cases, these sites were pathologically confirmed, and 
the finding of these sites often influenced the treatment decisions. 

In a phase I/II radioimmunotherapy study to determine the maximum 
tolerated dose (MTD A ) and therapeutic potential of 131 I-G250 (19), 33 patients 
with measurable metastatic RCC were treated. Fifteen patients were studied 
with the maximum tolerated dose of activity (MTD A ) 90 mCi/m 2 131 I. There 
was targeting of radioactivity to all known tumor sites >2 cm, confirming the 
high fraction of G250 antigen-expressing tumors in patients with clear-cell 
morphology subset of RCC. Lesions >2 cm in size independent of location 
were visualized by scintigraphy by the first imaging scan, between 2 and 4 d 
after administration of 131 I-G250. Seventeen of 33 evaluable patients had stable 
disease. There were no major responses. 
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Because the murine mAb G250 was highly immunogenic in patients, 
preventing multiple injections, chimeric G250 (cG250) was constructed, where 
the murine Fc region was replaced by a human Fc region. The excellent target- 
ing and lack of immunogenicity of 131 I-cG250 in a clinical trial (17), led to the 
initiation of clinical trials to evaluate the utility of 131 I-cG250 in the radio- 
immunotherapy of RCC. In a phase I radioimmunotherapy study, the maxi- 
mum tolerated dose (MTD A ) of 131 I-cG250 was determined (20), and phase I/II 
radioimmunotherapy trials are underway to evaluate the utility of high-dose 
administrations of 131 I-cG250 and multiple, outpatient administrations of 
131 I-cG250 in patients with measurable metastatic RCC. 

1. 1. Generation of mAbs 

Although antibodies can be extremely useful reagents, the most important 
question at the outset is: "What do we need the antibodies for?" The answer to 
this question will impose constraints on the experimental strategies used to 
obtain them. Several principles that are applicable in general to any antibody 
techniques should be taken into account: 

1 . Are we searching for antibodies of well-known, defined specificity, or antibodies 
of novel specificity? 

2. What kind of immunogen is available? 

3. What application are the antibodies to be used for? 

4. How do we plan to establish antibody specificity? 

5. Is it necessary to prepare polyclonal or mAbs? 

6. How much antibody do we foresee we will need? 

7. Is batch-to-batch variation an important issue? 

8. What are the financial constraints? 

It is a relatively straightforward approach to develop antibodies that 
recognize a known molecule or epitope, but it is often much more difficult and 
time-consuming to establish the specificity of antibodies raised against 
complex molecular mixtures. Furthermore, because the universe of antigens 
cannot be systematically tested, it is extremely important to bear in mind that 
antibodies — whether polyclonal or monoclonal — raised against a known 
molecule may cross-react with unrelated molecules. The latter may share with 
cognate antigen chemical characteristics that are easy to identify (i.e., primary 
amino-acid sequence), or may lack apparent structural relatedness. Therefore, 
when using antibodies, a word of caution is always necessary. 

1.1.1. Antigen Source 

1. Fresh tissue: The main advantage of using whole-tissue extracts is that one may 
aim at isolating mAbs, recognizing unknown molecules. The advantage over cell 
lines may lie in the observation that the phenotype of cell lines differs from the 
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progenitor tumor cells, and importantly, unidentified molecules may not be 
present on the cultured cells. The disadvantage is obviously contamination with 
nonrelevant tissue components — e.g., stromal cells, endothelial cells, and others. 

2. Cultured cells. The same main advantage described for the use of whole-tissue 
extracts — i.e., the isolation of mAbs, recognizing unknown molecules — holds 
true for the use of cell lines as immunogen. Additionally, one works with a 
homogenous population of cells, without contaminating components. Yet impor- 
tant molecules may have been lost during the culturing procedure. 

3. Recombinant proteins. Few investigators have reported the use of proteins 
produced from recombinant cDNAs in E. coli or baculo virus to make antibodies. 
Based on the scarcity of information available in the literature and the experience 
of our own laboratory, the isolation of recombinant proteins often presents solu- 
bility and/or purification problems, thus complicating their use. Despite these 
difficulties, more attention should be given to this strategy, since it is based on 
relatively less complex antigen preparations. 

4. Other strategies. Several additional strategies have been used to obtain antibod- 
ies of novel specificity when using complex antigen preparations. Among them 
are the induction of tolerance in newborn mice (21) or the preincubation of anti- 
gen preparations with known antibodies in order to decrease the likelihood of 
raising antibodies with the same specificity (22). While these possibilities are 
intellectually stimulating and have been used with some success, there is limited 
information in the literature regarding their usefulness. 

1. 1.2. Polyclonal vs mAbs 

Because the development of mAbs is relatively expensive and time-con- 
suming, if the immunogen is available in reasonable amounts and high purity, 
it is reasonable to first produce polyclonal antibodies, analyze their specificity, 
and then assess the purpose of making mAbs. The major reason to prepare the 
latter is to have an indefinite source of reagents of identical specificity. When 
considering the preparation of polyclonal antibodies, several points should be 
taken into account: 

1. Natural antibodies may contribute to substantial background; this is particularly 
true for antibodies that recognize carbohydrate epitopes, and is thus a relevant 
issue when dealing with mucins. 

2. There may be considerable variation in the immune response obtained in animals 
from different species. In general, stronger immune responses are obtained across 
greater phylogenetic differences. 

3. Detailed information on the homology of proteins across species may facilitate deci- 
sion making. Greater homology is generally associated with lower immunogenicity. 

4. It is possible to obtain very large amounts of antibodies from certain species, i.e., 
the horse. Some inexpensive and easy-to-handle laboratory animals, such as chick- 
ens, can provide substantial amounts of antibody, for example, in the egg yolk. 
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5. Even among animals that share a genetic background, significant interindividual 
variation can be observed in the immune response. Therefore, more than one 
animal should be immunized. 

6. The immune response is a dynamic process, and subtle differences in the speci- 
ficity of serum antibodies can be demonstrated when comparing different 
bleedings from the same animal. 

1.1.3. Screening Strategies 

The general principle that "you get what you look for" should not be forgot- 
ten. Antibodies — whether monoclonal or polyclonal — often work best when 
using certain, but not all, techniques. Therefore, when the application is known 
at the outset, it is most useful to devise screening strategies accordingly. For 
example, if we wish to use antibodies for studies on paraffin-embedded tissue 
sections, it is best to include immunohistochemical analysis on paraffin-em- 
bedded sections in the screening procedure. This is not always feasible when 
preparing hybridomas, because some methods are too tedious to be used for 
routine screening (i.e., immunoprecipitation). In such cases, it may be better to 
use a simple screening strategy that will allow the identification of a small 
number of antigen-reactive clones, and then apply a second round of screening 
with the specific technique desired. 

1.1.4. Financial and Other Considerations 

Making polyclonal antibodies is less time-consuming and cheaper than 
making hybridomas. The commercial cost of polyclonal antipeptide antibodies 
is in the range of $3000 US. By contrast, the production of hybridomas will 
cost approx $8000 US. Among the considerations to be taken into account is 
the experience of the group. For an inexperienced laboratory, setting up the 
hybridoma technology will require some effort, whereas it is easy to prepare 
polyclonal antibodies. Another consideration is time. Provided that the antigen 
preparation is reasonably immunogenic, it takes less time to prepare affinity- 
purified antibodies (3-4 mo) than to make hybridomas (6-12 mo until a purified 
antibody preparation is available). 

2. Materials 

Most materials needed to produce hybridomas are rather standard. The 
materials listed in Subheading 2 are those used specifically for the filter-plaque 
technique which is less well known. 

1. Agarose type VII (low melting temperature) (Sigma). 

2. Nitrocellulose filters (0.45 |xm, 6-cm diameter, Schleicher and Schuell). 

3. Sintered glass funnel (Millipore). 

4. UV light lamp (30-W Philips TUV). 
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3. Methods 

3. 1. Polyclonal Antisera 

Several spp can be used to obtain polyclonal antibodies. Rabbits are most 
commonly used, but chickens provide certain advantages that should be 
considered, since it is relatively simple to house them. Up to 5 mg of total IgY 
can be isolated from the yolk of one egg. The procedure for making rabbit 
polyclonal sera is described in steps 1-6. 

1 . Prior to the first immunization, a preimmune serum sample is obtained from the 
auricular artery using a 20-gauge needle and a 20-cm 2 syringe. To dilate the 
artery, it is advisable to rub the ear with alcohol and warm it under a spotlight. If 
mice are used, the preimmune serum sample is obtained from the retro-auricular 
plexus by means of a Pasteur pipet. 

2. Screen the preimmune rabbit sera for lack of reactivity using the assay that will 
be applied for testing the postimmune serum. This allows the selection of rabbits 
whose serum yields low background. Therefore, it is advisable to analyze 
preimmune serum from several rabbits. 

3. Prepare the immunogen for inoculation by mixing 200 \ig of the immunogen (in 500 
u,L) with 500 u,L of Complete Freund's Adjuvant (CFA) (see Note 1) until a good 
emulsion is obtained (amount per rabbit). In general, 1 mL of mixture yields 0.8 mL 
of emulsion. For mice, 10-20 u,g of antigen is used. It is best to mix both components 
using a 2-mL syringe with a needle until the mixture is hard. Alternatively, join two 
syringes (without needle) with a rubber tube and transfer the mixture from one syringe 
to the other until it is hard. Be careful, as the mix hardens the needle or the rubber can 
slip off the syringe and the immunizing material can be lost. The emulsion is ready 
when, upon applying a drop of it on water, it is not dispersed. 

4. The first immunization is performed in the leg muscle with the mixture prepared 
as in step 3. It is better to split the immunogen between two injection sites. Sub- 
sequent inoculations are performed in the same way, except that the emulsion is 
prepared with Incomplete Freund's Adjuvant (IFA). 

5. After the fourth immunization, bleed rabbits (or mice) as described in step 1. At 
this time, a screening is performed with the preimmune and post-fourth immuni- 
zation serum samples to determine serum titer and specificity (see Note 2). 

6. Immunization and bleeding proceed on a monthly basis following the same protocol. 
If the serum titer is good, it is advisable to bleed the animals regularly (every 2 wk) to 
quickly store a large amount of serum, because antibody specificity may change with 
time. Then, proceed to a final bleeding before sacrificing the animal. 

3.2. Generation of mAbs 

3.2. 1. Liquid Culture Technique (see Note 3) 

1. Immunization: Balb/c mice are given 3-5 ip immunizations with 20 u,g of the 
corresponding immunogen in CFA/IFA as described for polyclonal antibodies 
(see Note 4). Four and three days before the cell fusion animals are boosted with 
the immunogen with IFA. 
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2. Feeder layer cells: 

a. To obtain peritoneal macrophages (PM), kill a normal nonimmunized mouse 
of the same strain as the immunized mice the day prior to the cell fusion. It is 
recommended to plate the cells 24 h before the cell fusion and check for 
contamination at the fusion time (see Note 5). 

b. Using a 25-gauge needle, inject 5 mL of cold serum-free RPMI-1640 intra- 
peritoneally. Palpate the abdomen gently and withdraw the medium using a 
21 -gauge needle. 

c. Centrifuge at 600g for 5 min and wash the cells twice with RPMI-1640. 

d. Count the cells in a Neubauer chamber and check for viability by Trypan blue 
exclusion. Usually one mouse will yield 2.5 x 10 6 PM with >95 % viability. 

e. Plate PM in 96-well plates at 2-5 x 10 3 /100 uL/well in complete medium 
(RPMI-1640 supplemented with 10% fetal bovine serum (FBS), 1% gluta- 
mine, 1% nonessential amino acids, 1% penicillin/streptomycin). In general, 
PM from one mouse will suffice for fusion of one spleen. 

3. Spleen cells: 

a. On the day of fusion, anesthetize the mouse with an ip injection of 0.5 mL 
avertin. Collect blood from the retro-orbital plexus by means of a Pasteur 
pipet. Serum is stored to test for specific polyclonal antibodies. 

b. Sacrifice the mouse, aseptically remove the spleen, and transfer to a 50-mm- 
diameter Petri dish filled with serum-free RPMI-1640 medium. Wash the 
spleen twice with medium under sterile conditions. 

c. Obtain a single-cell suspension of splenocytes by perforating the spleen tip 
with a 20-gauge needle and squeezing the splenocytes out with a forceps. 
Disperse cells gently with a Pasteur pipet or by passage through a fine-mesh 
metal screen. 

d. Transfer spleen cells into a 15-mL conical tube and fill with serum-free 
RPMI-1640. 

e. Centrifuge at 600g (1500-2000 rpm) for 5 min and discard supernatant. 

f. Lyse red blood cells by adding 10 mL of lysis buffer (0.150 MNH 4 CL 0.01 M 
KHC0 3 , 10~ 4 M ethylenediaminetetraacetic acid [EDTA], pH 7.0) and incu- 
bating for 5 min at 37°C. 

g. Centrifuge and wash the cells twice with cold serum-free medium. Resuspend 
splenocytes in 10 mL RPMI-1640, count, and assess viability with trypan 
blue. Approximately 100-200 million cells/spleen should be obtained. 

4. Myeloma cells (see Note 6) 

a. Mouse myeloma cells are cultured in complete medium. It is best to use cells 
that are in an exponential growth phase. Four days before the fusion, the 
medium is changed and cells are seeded at 2-5 x 10 5 cells/mL. Viability and 
density are checked daily, and up to 50% of fresh medium is added daily to 
ensure that cells will grow exponentially. 

b. Harvest myeloma cells in a 50-mL conical tube and wash three times with 
serum-free cold RPMI-1640. 

c. Count the cells and assess viability by Trypan blue exclusion. It is important 
that viability is >95%. 
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5. Fusion 

a. Mix the splenocytes and myeloma cells in a 50-mL conical tube at a ratio of 5 : 1 
to 2: 1. Fill up the tube with cold RPMI-1640 and centrifuge at 300g (1000 rpm) 
for 5 min. Usually, ratios from 1:1 to 1:10 yield high-fusion efficiency. 

b. Discard the media and mix gently to soften the cell pellet. 

c. Add 0.5 mL (dropwise) of prewarmed (37°C) polyethylenglycol (PEG) 1500 
over 1 min. Mix gently as the PEG solution is added to the cells. 

d. Let the cells rest for 1 min and add 10 mL of prewarmed RPMI-1640 
dropwise, mixing gently over 10 min (1 mL/min). 

e. Centrifuge at 300g for 10 min. 

f . Resuspend the cells gently in complete RPMI- 1 640 medium (medium supple- 
mented with 1 mM sodium pyruvate, 2 mM L-glutamine, 1% nonessential 
amino acids, 100 U/mL penicillin, 100 |ig/mL streptomycin, and 10% FBS) 
supplemented with 2% hypoxanthine, aminopterin, and thymidine (HAT) in 
the appropriate volume to yield a suspension of 1 x 10 5 splenocytes/mL. Cells 
are extremely fragile at this phase, and violent pipetting must be avoided. 

g. Seed the cells in 96-well plates at 10 5 splenocytes/well. Incubate at 37°C in 
5% C0 2 atmosphere (see Note 7). 

h. Check cell, by visualization with an inverted microscope, twice a wk for 
contamination and cell growth. 

i. Change 100 jxL of medium weekly (optional if cells are kept in a wet incuba- 
tor). After the second wk, the fusion medium may be replaced by complete 
medium supplemented with 2% HT (hypoxanthine, thymidine). Clones 
containing a few cells should be seen 1 wk after the fusion. Clones should be 
ready for screening (visible at the naked eye, approx 1-mm-diameter) at the 
end of the second wk. 

j. When clones are ready, remove 100 jxL of supernatant for screening and 
replace with fresh medium (see Note 8). 

6. Subcloning by limiting dilution (see Note 9): 

a. Clones producing antigen-reactive antibodies of the desired specificity are 
gently dispersed and cells are counted. 

b. Cells are cloned by limiting dilution: Seed in 96-well plates at densities of 1-1000 
cells/well (approximately half-plate per dilution) in complete medium supple- 
mented with 2% HT. If there are not enough cells, seed first in a well of a 24-well 
plate with 2 mL of medium/well. 

c. Several rounds of subcloning are performed until >95% of the clones seeded 
at 0.1-1 cells/well are reactive with the immunogen (see Note 10). 

d. Cloned hybridoma cells are first expanded in wells of 24-well plates, then 
frozen in liquid N 2 (in 90% FBS- 10% dimethyl sulfoxide [DMSO]). 

7. Scaling up antibody production. To obtain large quantities of specific mAb, two 
methods are generally used: 

a. Production of hybridoma culture supernatant: Seed the hybridoma cells in a 
25-cm 2 tissue culture flask at a density of 10 5 cells/mL in complete medium 
(there are commercially available synthetic media that support hybridoma 
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growth in the absence of FBS). When cells reach the density of 1-2 x 10 6 or 
the medium becomes acidic, centrifuge cell suspension, collect the superna- 
tant, and seed the cells in a 175-cm 2 tissue-culture flask with the appropriate 
amount of medium. Replace 80% of the medium regularly and substitute with 
fresh medium. A fraction of the cells will also have to be replaced, or the 
culture expanded, as indicated in step 8b. 
b. Several commercial systems are available for the production of mAb. E.g. 
hollow fiber based systems (so-called tecnomouse or minimouse systems) and 
membrane-based culture methods (e.g., Integra CELLine, Future Diagnos- 
tics). We have had positive experience with the latter system, which is easy to 
use (conventional culture techniques are used) and can be maintained for 3 mo 
without complex tissue-culture methodology. Additionally, cells do not need 
to be adapted. The culture fluid containing concentrated mAb is harvested 
twice a week 
The spent medium is collected, stored at 4°C until used, or frozen at -40°C for 
long-term storage. If FBS-free medium is used, hybridoma culture medium can 
be concentrated in order to obtain high-titer antibody preparations. 
8. Ascites fluid production (see Note 11): 

a. Pristane (2,6,10,12, -tetramethylpentadecane) is injected intraperitoneally to 
nude mice or to mice of the same strain as those used for immunization 
(0.5 mL/mouse) 1 wk before inoculation with hybridoma cells. 

b. Hybridoma cells are cultured as described in step 7b. Centrifuge the cells, 
and wash twice with PBS or medium without FBS. Count the cells and deter- 
mine viability. 

c. Inoculate 5 x 10 5 cells/per mouse. 

d. Wait 1-2 wk for ascites formation. 

e. To harvest ascites, wash mouse belly with 70% ethanol, insert an 18-gauge 
needle, and let ascites drop into a conical polypropylene tube. 

f. To remove the cells, centrifuge ascites at lOOOg for 10 min and discard the 
pellet (see Note 12). 

g. Add 0.1% sodium azide (0.1% final concentration), make aliquots, and freeze 
at-80°C. 

h. Continue to tap the animals at 1-3 d intervals. 

3.2.2. Filter-Plaque Technique (see Note 13) 

1. To prepare 20 agarose plates, 45 mL of a 3% agarose solution in 0.9% NaCl are 
sterilized and allowed to cool to approx 50°C. Forty milliliters are added to 160 mL 
complete HAT medium at 37°C (final concentration 0.6% low melting agarose). 

2. When the yield of fused cells may be crucial, hybridoma-formulated media can 
be used. However, this is not really required: fusion efficiency is highly investi- 
gator-dependent, and is dependent on the quality of the fusion partners. 

3. Add 10 mL fluid to each dish and allow the agarose to solidify at room tempera- 
ture. Avoid bubbles on top of the agarose layer. Do not solidify the agarose at 
4°C, as this will result in entrapment of air bubbles. 
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4. Fuse splenocytes and myeloma cells as described in Subheading 3.2.5. 

5. The primary fusion products are gently resuspended in 30 mL complete HAT 
medium at 37°C, 4 mL 3% agarose solution at 40°C (see Note 14) is added and 
gently mixed, and the cell suspension is layered over the 20 dishes. Dishes are 
placed at 4°C for 20 min, and subsequently placed in a regular CO2 incubator. 
The correct concentration of top agarose is crucial: concentrations that are too 
low result in semifluid top agarose, prohibiting subsequent screening. 

6. Outgrowth of cells is examined at day 5 and every other day subsequently (see 
Note 15). Generally, colonies of 50-200 cells are present 9-10 d after seeding — 
a colony size sufficient for filter screening. In general 100-150 colonies are 
present per dish, accounting for 2000-3000 colonies per fusion. 

7. Prepare nitrocellulose filters as follows: filters are cut from a larger nitrocellu- 
lose sheet, including a tab to facilitate filter handling (see Fig. 1). Alternatively, 
filters of 6-cm-diameter are available from Schleicher and Schuell. Filters are 
washed in 0.9% NaCl (see Note 16). 

8. Coat filters with purified antigen or tissue-cell homogenates. Filters are placed 
on a sintered glass funnel, and 10 mL of the antigen solution is sucked through 
each filter (see Note 17). 

9. Punch three small holes at the sides of filters coated with irrelevant antigen to 
shape a triangle to facilitate positioning (see Fig. 1). 

10. Filters are air-dried and sterilized by UV light (20 min per side, twice) in a laminar 
flow hood (see Note 18). Wash several times in sterile water, and store filters 
overnight in sterile water. The next day, filters are soaked in complete medium 
supplemented with 2% HAT to block remaining protein-binding sites. Filters can 
be stored at -20 C C or used immediately after preparation. Immediate use is pref- 
erable to reduce contamination problems. 

11. To place the filters on top of the agarose layer, first completely remove excess 
fluid from the agarose plates with a Pasteur pipet. Unwanted excess fluid will 
result in flotation of the filters; tilt the plate to remove excess fluid (see Note 19). 

12. Place two filters on every dish. One, coated with irrelevant protein, is placed 
directly, coated side up, on top of the agarose after briefly drying on a stack of 
sterile filter paper. The second filter is also briefly dried on sterile filter paper and 
placed on top of filter 1, coated side up (see Fig. 1) (see Note 20). 

13. Gently place the filters on the brim of the dish and slide the filter onto the agar- 
ose. Punch through three small holes in the upper filter with an injection needle, 
corresponding to the larger holes in the lower filter. Using an inverted micro- 
scope, precisely label in the bottom of the plate the position of the three holes and 
the position of the filter tabs with a marker and incubate overnight in a regular 
C0 2 incubator at 37°C. 

14. The next day the dishes are placed at 4°C for 1 h to facilitate further handling, 
and excess fluid is removed. Both filter tips are grabbed with a sterile forceps, the 
Petri dish is gently tilted again, and both filters are gently removed (see Note 21). 
Filters and dishes are numbered and placed in phosphate-buffered saline (PBS). 

15. The filters are incubated for 1 h at room temperature with horseradish peroxi- 
dase-labeled rabbit-anti-mouse Ig (RAM-HRPO) at the appropriate dilution. After 
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Fig. 1 . Screening of fusion using the filter plaque technique. Placement of filters on 
top of the agarose layer and array of holes for filter positioning. Top left: Two aligned 
nitrocellulose filters, coated with relevant and irrelevant antigen(s). Note the 
prepunched holes in the top filter. After placement on the agarose, holes are punched 
in the lower filter with a sterile needle. Top right: Petri dish with (primary) fusion 
products in top agarose. Middle left: After overnight incubation filters are removed, 
numbered, and placed in PBS. Note holes in lower filter (middle right). After staining, 
comparison of the filters reveals specific spots on the filter coated with relevant anti- 
gen (bottom, arrows). In general, the reverse will also be observed: specific spots on 
the filter coated with irrelevant antigen, absent on the other filter. For the sake of 
clarity, this is not shown in the schematic drawing. 



extensive washing with PBS or any other appropriate buffer, reactions are developed 
with 0.05% 3-3' diaminbenzidine and 0.03% H 2 2 in 50 mM Tris-HCl pH 7.4. 
16. A direct comparison of corresponding filters, using the holes as landmarks, allows 
the identification of spots specific for the protein of interest — i.e., those present 
in the antigen-coated filters and absent from the control filters. These spots are 
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punched out, and the filters accurately repositioned underneath the corresponding 
Petri dish, using the markings on the dish. 

17. Pasteur pipets drawn in a flame to produce small bent tips and sterilized are used 
to retrieve, by gentle suction, the colonies that should be located in the position 
indicated by the punched-out hole. Retrieved colonies are grown in suspension in 
HAT medium in 96 wells. After 5-10 d, undiluted culture media can be tested 
from these monoclonal cultures. 

18. If more than one colony is identified at the target position, retrieve each of them 
separately. When accurate repositioning is difficult, spots of colonies producing 
irrelevant antibody can be used as additional landmarks. Take up the colonies as 
neatly and cleanly as possible, without contaminating cells in the area. 

19. Cultures of interest are subcloned two to three times by agarose seeding follow- 
ing the same basic strategy described in steps 1, 3, and 5: two dishes are prepared 
per clone and approx 1000 and 2500 cells/dish are plated. 

20. After approx 10 d, 10-20 colonies are retrieved from the plates, grown in culture, 
and tested. Because the initial screening generally results in monoclonal popula- 
tions, testing of more colonies is unnecessary. The methodology described above 
is adapted from the original reference by Sharon et al. (23). 

3.3. Analysis of Antibody Specificity 

Several points should be made regarding the analysis of antibody specificity: 

1. Antibodies may bind to other molecules through their Fc region. The use of 
isotype-matched Ig of irrelevant specificity is always the best control. Omission 
of antibody is not an appropriate control. 

2. Inhibition studies are useful in confirming the specificity of antibody binding, 
but cross-reactions cannot be evidenced using this type of assay. 

3. Antibody "specificity" (in the sense of tissue-specificity) is highly concentra- 
tion-dependent, and it is necessary to be cautious when drawing conclusions. 

4. It is always best to use multiple antibodies to different epitopes of the same 
molecule in order to establish specificity. 

5. When appropriate, alternative confirmatory techniques should be used (i.e., in situ 
hybridization can confirm results obtained using immunohistochemistry). 

When defined molecular species are used for immunization, specificity analy- 
sis is relatively straightforward. In such cases, the major point to be made is that 
the antibodies raised may cross-react with related epitopes on other molecules. 

The analysis of the specificity of antibodies is much more difficult when 
complex antigenic mixtures are used for immunization. In such cases, it may 
first be necessary to establish, for the sake of simplicity, whether the antibody 
recognizes a carbohydrate or a peptide epitope. Of course, complex epitopes 
that are dependent on both carbohydrate and peptide exist, and their precise 
identification is very complicated. If carbohydrate specificity is suspected, it 
will be useful to determine whether the epitope is present not only on glyco- 
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proteins, but also on glycolipids. In the latter case, it is preferable to pursue the 
specificity analysis on glycolipids, as these can be purified to homogeneity. 

Obviously, when one is interested in defining new, tissue-specific molecules, 
extensive immunohistochemical fine-specificity analysis is required. Because 
mAb reactivity is also highly dependent on the tissue fixative (e.g., acetone, 
ethanol, methanol, paraformaldehyde), one should test for reactivity using 
several fixation liquids. This may reveal broader tissue reactivity than antici- 
pated. In general, the mildest fixative (acetone) is used for screening purposes. 

3.4. Advantages and Disadvantages 

of the Differential Filter-Screening Technique 

1. Single-clone analysis: the filter-screening technique was specifically adapted for 
the isolation of antibodies used in diagnostic pathology. When using conven- 
tional hybridoma techniques (see Subheading 3.2.1.) several fused cells may 
grow out in a particular well. Therefore, immediate immunohistochemical screen- 
ing cannot be performed: widely reactive antibodies produced by another hybri- 
doma will mask the presence of cell-specific antibodies produced by one clone. 

2. Workload: another limiting factor is the number of supernatants that can be tested 
using immunohistochemical assays. After a successful fusion, screening of 1500- 
2000 wells is needed, obviously well beyond a screenable number. Although 
initial screening by enzyme-linked immunosorbent assay (ELISA) may result in 
the isolation of useful hybridoma cultures, test conditions in ELISA differ 
considerably from immunohistochemical requirements. Coating conditions of 
protein on plates will impose conformational constraints. Therefore, it is not rare 
that antibodies that show appropriate reactivity by ELISA fail to react in immu- 
nohistochemical assays. Because this screening system is tuned for high-through- 
put screening of the initial fusion products, the number of clones of interest is 
quickly decreased to manageable numbers. Thus, many fusions can be performed 
in a relatively short period. This can be particularly advantageous in cases where 
mAb against poorly immunogenic molecules or molecules of low abundance are 
desired — which necessitates screening of many fusions. 

3. Clone selection: by choosing the filter placed directly on the dish, one can actu- 
ally loosely screen for hybridomas producing high avidity antibody/high-pro- 
ducer hybridomas. We generally prefer to place filters coated with relevant 
proteins on top of the filters coated with irrelevant antigen. Thus, clones pro- 
ducing low amounts of irrelevant antibody will be less likely to show up as 
colonies of interest. 

4. In theory, coating with pure antigen should result in the identification of colonies 
producing only antigen-specific antibody. Nonetheless, we always find high 
numbers of spots on control filters as well as specific filters. We reason that this 
can be explained by the production of "sticky," cross-reactive antibody by many 
fused cells. Therefore, we invariably use two filters for screening purposes. 
Obviously, two filters are necessary when crude tissue homogenates are used for 



336 Oosterwijk 

coating purposes to distinguish hybridoma colonies producing tissue-specific 
antibody from hybridomas producing cross-reactive antibody. 

5. Subcloning: one of the main advantages of this technique is that monoclonal 
cultures are immediately available for screening purposes. Only 2-3 additional 
subcloning rounds are necessary. The latter are performed to stabilize the hybri- 
doma for the antibody-producing phenotype, and are not really necessary to 
obtain a monoclonal culture. Instead of the regular limiting dilution method for 
subcloning purposes, we always use agarose seeding. 

6. Agarose vs suspension cell growth: clonal stability. One should be aware that a 
small percentage of colonies will fail to grow in semisolid agarose. This may be 
a result of the absence of growth factors available in the vicinity of the clones 
when growing in agar. Alternatively, cells die — for example, because of instabil- 
ity — and the secreted antibody produced before death has been detected by this 
filter technique, regardless of the cells' status. Likewise, in conventional screen- 
ing, wells may appear to contain cells excreting antibody with the desired speci- 
ficity, which is lost upon further expansion. This is a possible result of similar 
events, i.e., when the cells secreting the antibody are not viable. 

7. The differential filter-screening technique has also been successfully used to 
rescue extremely unstable hybridoma cultures. These are seeded at two or three 
different densities (1000-3000 cells per dish) and subsequently screened with 
anti-mouse Ig coated filters. Antibody-producing colonies can be detected by 
incubation with anti-mouse Ig conjugates. This alleviates cumbersome sub- 
cloning by limiting dilution, which may not be successful for extremely unstable 
hybridomas with a small percentage of cells still producing antibody. Addition- 
ally, filter screening can be performed within 2 wk — much more rapidly than 
with serial dilution subcloning. 

8. Antigen source: we have used this method successfully in the isolation of tumor- 
specific mAbs, tissue-specific mAbs, carbohydrate-specific mAbs, and single 
cytokeratin-specific mAbs (4,5,24,25). Synthetic antigens, purified antigens — as 
well as whole-tissue homogenates — were used for screening purposes. For 
example in the isolation of carbohydrate-specific mAbs after immunization with 
a synthetic carbohydrate-carrier conjugate (24), a total of 102 colonies were 
retrieved. Additional ELISA screening showed carbohydrate specificity in 43 of 
102 wells, 5 of 102 showed cross-reactivity with the protein carrier, and 54 of 
1 02 did not show reactivity with any tested substance. The number of nonreactive 
colonies may seem high, but one must bear in mind that more than one colony is 
generally picked at each position identified. Obviously, the rate of success 
depends heavily on the requirements of the investigator and the immunogenicity 
of the antigen of interest. However, this also holds true for the conventional hy- 
bridoma technology. 

9. It is noteworthy that in many cases, tissue- or tumor- specific mAbs were obtained 
that failed to react in Western blot analysis. This is most likely a reflection of 
recognized determinants that may be nonlinear. As mentioned earlier, this method 
may allow for a more native conformation of the antigens. 
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4. Notes 

4.1. Specific Notes to the Protocols 

1. The use of Freund's adjuvant has been recently contested because of the exten- 
sive inflammation it induces. Detoxified endotoxin represents a reasonable alter- 
native as an adjuvant. 

2. In general, after the fourth immunization, a good antibody titer should be 
obtained. Otherwise, consider other immunization strategies. However, when a 
crude mixture is used as immunogen, the titer of the antibody of interest will 
most likely be masked by contaminating antibodies. 

3. As with all sterile techniques, great care should be taken to avoid contamination 
during the entire procedure. 

4. Balb/c mice are normally used, but few studies have addressed the importance of 
mouse-strain use in hybridoma production. The optimal schedule and route of 
immunization have seldom been analyzed in a systematic way. Therefore, the 
final decision is left to the investigator. It is recommended to check the serum 
antibody titer prior to performing the fusion: in the absence of high antibody 
titers, the likelihood of achieving a high yield of specific hybrids is low. 

5. Feeder-layer cells are used to produce soluble factors that increase hybrid growth. 
Alternative sources of feeder cells are mouse thymocytes, mouse spleen cells, 
and certain fibroblast cell lines. It is recommended to plate the cells 24 h before 
the cell fusion, and to check for contamination at the fusion time. 

6. Several mouse myeloma cell lines are available. The choice may be determined 
by the fact that some lines (NS1) produce, but do not secrete, Ig light chains. 
However, since these can associate with Ig heavy chains produced by a hybri- 
doma, and can be secreted, the preferred myeloma cells are the nonproducing 
lines P3X63-Ag8 or Sp2/0-Agl4. These lines are available from the American 
Type Culture Collection (Rockville, MD) or the European Collection of Cell 
Cultures (Salisbury, UK). 

It is essential to make sure that the myeloma cells are free of Mycoplasma 
contamination, since this results in a dramatic drop in hybrid outgrowth. We 
recommend the regular testing of myeloma cells using polymerase chain reac- 
tion (PCR). If the hybridoma yield of fusions is low, or if cells appear to stop 
growing after a few cell divisions, one should first suspect that myeloma cells 
are not in good shape. 

7. It is best to keep cells in a wet incubator, although this requires very careful 
control of sterility throughout the procedure. If a dry incubator is used, fill the 
outermost row of wells with PBS to avoid evaporation. 

8. It is essential to optimize the screening method before the fusion is initiated because 
cells will grow very rapidly. It is also essential to perform the screening as rapidly as 
possible (maximum 2 d). In order to decrease the workload, it is also very important 
to device a screening strategy that allows early identification of uninteresting clones 
(i.e., weak reactivity, wide reactivity, low avidity, false-positive). 
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9. It is very important to perform the subcloning rapidly, because nonproducing or 
low-producing cells tend to overgrow the cultures. Cloning efficiency generally 
increases when mouse PM are used as feeder layers. 

10. It is recommended to confirm the persistence of antibody-producing clones after 
each step of expansion. Make sure to freeze cell stocks at each step of subcloning 
and expansion. 

1 1 . The animal Ethics and Experimentation Committees do not allow ascites produc- 
tion in certain countries. 

12. It is useful to freeze stocks of cells adapted to grow as mouse ascites. 

13. Myeloma cells to be used for fusion in the filter-plaque technique have previ- 
ously been adapted to agarose growth using standard techniques. Although this is 
not absolutely required, this is advisable. This is also a way to become accus- 
tomed to the technique. Furthermore batch-to-batch variation of FCS does play a 
role in plating efficiency. It is advisable to test several lots of FCS, and to always 
test a new batch of FCS before ordering. 

14. The temperature of the agarose to be added to the fused cells should not exceed 
40 C C. Do not add too-cold agarose to the cells — it will lump, resulting in uneven 
distribution of the toplayer and fluid toplayers and preventing any screening. 
The concentration of the top agarose should never be below 0.35%, otherwise it 
becomes too fragile and fluid. 

15. Do not look at the plates before day 5, as it is detrimental to the cells. 

16. Homemade filters can be prepared with a 6-cm-diameter stainless-steel punch 
with a sharpened edge. By leaving a 5-mm opening in the sharpened edge, a 
small triangle can be cut, resulting in filters shaped as shown in Fig. 1. 
Filter washing removes toxic reagents from the nitrocellulose, and is abso- 
lutely essential. 

17. For purified molecules, 10-50 u,g per filter is sufficient. Lower amounts can be 
used when the amount of material available for the assay is a limiting factor. For 
cell or tissue homogenates, 1 g of tissue is minced and homogenized in 20 mL 
PBS. Larger debris is removed by low-speed centrifugation at lOOOg (3000 rpm) 
for 10 min. For coating purposes, a 10-fold dilution is prepared, and 10 mL of 
this solution are used per filter. 

18. Filter sterilization should be carried out carefully. We find it convenient to place 
the filters in a laminar flow hood in rows at fair distances, enabling us to flip the 
sterilized side of the filters on the sterilized laminar flow bench as if reading a 
book. Try to avoid reaching over the filters during the sterilization process, to 
prevent contamination. Although repositioning of the filters appears cumbersome 
and difficult, this is not the case, provided care is taken to carefully mark the 
holes in the filters at the bottom of the Petri dish. 

19. Remove as much fluid as possible from the Petri dishes. It facilitates screening, 
because the filters will adhere well to the agarose. If the top agarose appears too 
fluid, one can try to evaporate part of the excess fluid by overnight incubation in 
a dry CO2 incubator. 
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If top agarose is removed during the screening, it may be helpful to place the 
dishes at 4°C again. This will solidify the agarose, making it less fragile. Also, it 
may be helpful to remove the filters one by one. 

20. Placement of both filter tabs in exactly the same position will facilitate subse- 
quent filter removal. Because contact between both filters is crucial, check for air 
bubbles between the filters. These show up as light spots. 

2 1 . Filter removal is a major concern. Obviously, the top agarose layer should not be 
disturbed, despite the intimate contact between the lower filter and the agarose. 
The position of the filter should never be changed: it will result in complete 
destruction of the integrity of the agarose. In rare cases, agarose will stick to the 
filter upon removal. Although we do not know why this happens, additional cool- 
ing of the remaining plates usually alleviates the problem. 

References 

1. Ehrlich, P. (1898) Uber die constitution des diphterygiftes. Dtsch. Med. Wochen- 
schr. 24, 597-600. 

2. Ehrlich, P. (1901) Die Schutzstoffe des blutes. Dtsch. Med. Wochenschr. 27, 
888-891. 

3. Kohler, G. and Milstein, C. (1975) Continuous cultures of fused cells secreting 
antibody of predefined specificity. Nature 256, 495-497. 

4. Oosterwijk, E., Ruiter, D. J., Hoedemaeker, P. J., Pauwels, E. K., Jonas, U., 
Zwartendijk, J., and Warnaar, S. O. (1986) Monoclonal antibody G 250 recog- 
nizes a determinant present in renal-cell carcinoma and absent from normal 
kidney. Int. J. Cancer 38, 489-494. 

5. Oosterwijk, E., Ruiter, D. J., Wakka, J. C., Huiskens-van, D. M., Jonas, U., 
Fleuren, G. J., Zwartendijk, J., Hoedemaeker, P., and Warnaar, S. O. (1986) 
Immunohistochemical analysis of monoclonal antibodies to renal antigens. 
Application in the diagnosis of renal cell carcinoma. Am. J. Pathol. 123, 301-309. 

6. Bander, N. H., Finstad, C. L., Cordon, C. C, Ramsawak, R. D., Vaughan, E. D., Jr., 
Whitmore, W. F., Jr., Oettgen, H. F., Melamed, M. R., and Old, L. J. (1989) Analy- 
sis of a mouse monoclonal antibody that reacts with a specific region of the human 
proximal tubule and subsets renal cell carcinomas. Cancer Res. 49, 6774-6780. 

7. Finstad, C. L., Cordon, C. C, Bander, N. H., Whitmore, W. F., Jr., Melamed, M. 
R., and Old, L. J. (1985) Specificity analysis of mouse monoclonal antibodies 
defining cell surface antigens of human renal cancer. Proc. Natl. Acad. Sci. USA 
82, 2955-2959. 

8. Luner, S. J., Ghose, T., Chatterjee, S., Cruz, H. N., and Belitsky, P. (1986) Mono- 
clonal antibodies to kidney and tumor-associated surface antigens of human renal 
cell carcinoma. Cancer Res. 46, 5816-5820. 

9. Yoshida, S. O., Imam, A., Olson, C. A., and Taylor, C. R. (1986) Proximal renal 
tubular surface membrane antigens identified in primary and metastatic renal cell 
carcinomas. Arch. Pathol. Lab. Med. 110, 825-832. 



340 Oosterwijk 

10. Vessella, R. L., Moon, T. D., Chiou, R. K., Nowak, J. A., Arfman, E. W., Palme, 
D. F., Peterson, G. A., and Lange, P. H. (1985) Monoclonal antibodies to human 
renal cell carcinoma: recognition of shared and restricted tissue antigens. Cancer 
Res. 45,6131-6139. 

11. Moon, T. D., Vessella, R. L., Palme, D. F., Nowak, J. A., and Lange, P. H. (1985) 
A highly restricted antigen for renal cell carcinoma defined by a monoclonal anti- 
body. Hybridoma 4, 163-171. 

12. Cordon, C. C, Bander, N. H., Fradet, Y., Finstad, C. L., Whitmore, W. F., Lloyd, 
K. O., Oettgen, H. F., Melamed, M. R., and Old, L. J. (1984) Immunoanatomic 
dissection of the human urinary tract by monoclonal antibodies. /. Histochem. 
Cytochem. 32, 1035-1040. 

13. Bander, N. H., Carroll, P. R., and Russo, P. (1997) Summary of immunohistologic 
dissection of the human kidney using monoclonal antibodies (Bander, N. H., Carlos 
Cordon-Cardo, C, Finstad, C. L., Whitmore, W. F., Jr., Darracott Vaughan, E., Jr., 
Oettgen, H. F., Melamed, M., and Old, L. J.) Semin. Urol. Oncol. 15, 123-129. 

14. Bander, N. H. (1984) Comparison of antigen expression of human renal cancers 
in vivo and in vitro. Cancer 53, 1235-1239. 

15. Grabmaier,K., Vissers, J. L., De weijert, M. C. A., Oosterwijk-Wakka, J. C, Van 
Bokhoven, A., Brakenhoff, R. H., Schendel, D. J., Mulders, P. A., Merkx, G., 
Figdor, C. G., and Oosterwijk, E. (2000) Molecular cloning and immunogenicity 
of the renal cell carcinoma-associated antigen G250. Int. J. Cancer 85, 865-870. 

16. Oosterwijk, E., Bander, N. H., Divgi, C. R., Welt, S., Wakka, J. C, Finn, R. D., 
Carswell, E. A., Larson, S. M., Warnaar, S. O., Fleuren, G. J. and et aL. (1993) 
Antibody localization in human renal cell carcinoma: a phase I study of mono- 
clonal antibody G250. /. Clin. Oncol. 11, 738-750. 

17. Steffens, M. G., Boerman, O. C, Oosterwijk, W. J., Oosterhof, G. O., Witjes, J. 
A., Koenders, E. B., Oyen, W. J., Buijs, W. C, Debruyne, F. M. J., Corstens, F. H. 
M., and Oosterwijk, E. (1997) Targeting of renal cell carcinoma with iodine-131- 
labeled chimeric monoclonal antibody G250. J. Clin. Oncol. 15, 1529-1537. 

18. Steffens, M. G., Boerman, O. C, Oyen, W. J., Kniest, P. H., Witjes, J. A., 
Oosterhof, G. O. N., van Leenders, G. J., Debruyne, F. M. J., Corstens, F. H. M., 
and Oosterwijk, E. (1998) Intratumoral distribution of two consecutive injections 
of chimeric antibody G250 in primary renal cell carcinoma: implications for frac- 
tionated dose radioimmunotherapy. Cancer Res. 59, 1615-1619. 

19. Divgi, C. R., Bander, N. H., Scott, A. M., O'Donoghue, J. A., Sgouros, G., Welt, 
S., Finn, R. D., Morrissey, F., Capitelli, P., Williams, J. M., Deland, D., Nakhre, 
A., Oosterwijk, E., Gulec, S., Graham, M. C, Larson, S. M., and Old, L. J. (1998) 
Phase I/II radioimmunotherapy trial with iodine- 131 -labeled monoclonal antibody 
G250 in metastatic renal cell carcinoma. Clin. Cancer Res. 4, 2729-2739. 

20. Steffens, M. G., Boerman, O. C, de Mulder, P. M., Oyen, W. J., Buijs, W. C, 
Witjes, J. A., Van den Broek, E. J., Oosterwijk-Wakka, J. C, Debruyne, F. M. J., 
Corstens, F. H. M., and Oosterwijk, E. (1999) Phase I radioimmunotherapy of 
metastatic renal cell carcinoma with 1311-labeled chimeric monoclonal antibody 
G250. Clin. Cancer Res. 5, 3268s-3274s. 



Monoclonal Antibodies 34 1 

21. Fradet, Y., LaRue, H., Parent, V. C, Bergeron, A., Dufour, C, Boucher, L., and 
Bernier, L. (1990) Monoclonal antibody against a tumor-associated sialoglyco- 
protein of superficial papillary bladder tumors and cervical condylomas. Int. J. 
Cancer 46, 990-997. 

22. Fradet, Y., Islam, N., Boucher, L., Parent, V. C, and Tardif, M. (1987) Polymor- 
phic expression of a human superficial bladder tumor antigen defined by mouse 
monoclonal antibodies. Proc. Natl. Acad. Sci. USA 84, 7227-7231. 

23. Sharon, J., Morrison, S. L., and Kabat, E. A. (1979) Detection of specific hybri- 
doma clones by replica immunoadsorption of their secreted antibodies. Proc. Natl. 
Acad. Sci. USA 76, 1420-1424. 

24. Oosterwijk, E., Kalisiak, A., Wakka, J. C, Scheinberg, D. A., and Old, L. J. (1991) 
Monoclonal antibodies against Gal alpha l-4Gal beta l-4Glc (Pk, CD77) produced 
with a synthetic glycoconjugate as immunogen: reactivity with carbohydrates, with 
fresh frozen human tissues and hematopoietic tumors. Int. J. Cancer 48, 848-854. 

25. Van Muijen, G., Ruiter, D. J., Franke, W. W., Achtstatter, T., Haasnoot, W. H., 
Ponec, M., and Warnaar, S. O. (1986) Cell type heterogeneity of cytokeratin 
expression in complex epithelia and carcinomas as demonstrated by monoclonal 
antibodies specific for cytokeratins nos. 4 and 13. Exp. Cell Res. 162, 97-113. 



22 

Treatment Strategies in Metastatic Renal 
Cell Carcinoma 

Cytokines, Vaccines, and Gene Therapy 
Peter F. Mulders 



1. Introduction 

In recent years, the incidence of renal cell carcinoma (RCC) has increased 
dramatically (54% from 1975 to 1990), and in 1996, approx 30,000 new cases 
were diagnosed in the United States (1). In the same year, an estimated 12,000 
RCC-related deaths occurred in the United States. The increased incidence of 
RCC in recent years may be linked to certain risk factors such as smoking, 
obesity, high-protein diets, and hypertension (2). 

Nearly half of all RCC patients present with localized disease, one-quarter 
present with stage II disease, and nearly one-third of patients present with meta- 
static disease (3). In addition, as many as 40% of all patients treated for local 
tumors will ultimately relapse with metastatic disease. The prognosis of 
untreated patients with metastatic disease is unfavorable, with a 3-yr survival 
rate of less than 5% (4). Among patients who develop metastases within 1 yr of 
nephrectomy, the 2-yr survival rate is likewise very poor. In a few rare cases, 
however, in which patients develop metastases more than 2 yr postnephrec- 
tomy, long-term survival in excess of 5 yr has been observed (5). The progno- 
sis for metastatic RCC remains highly unfavorable, mainly because RCC is 
usually resistant to radiotherapy and chemotherapy. One major challenge to 
the development of effective therapies for the treatment of metastatic RCC is to 
overcome this resistance. RCC typically exhibits a multidrug-resistant pheno- 
type associated with expression of the multidrug-resistant-gene (MDR-1) and 
objective responses to chemotherapy occur in <10% of treated patients (6). How- 
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ever, RCC is known to be immunogenic, and immunotherapy with biological- 
response modifiers has had some success. A variety of approaches to immuno- 
therapy are being investigated for the treatment of metastatic RCC. They include: 

1. Immunomodulation with biological response modifiers. 

2. Adoptive immunotherapy, which involves the transfer of cells with antitumor 
activity. 

3. Therapeutic tumor- specific mAbs. 

4. Vaccines designed to stimulate a specific antitumor response. 

5. Gene therapy. 

In human RCC, T cell-defined epitopes have not yet been identified. There- 
fore, the use of tumor lysate as a source of tumor antigen is an attractive 
approach because it circumvents the requirement of identifying tumor-specific 
antigens. The use of dendritic cells (DCs) loaded with tumor lysates has been 
explored in other tumors such as prostate carcinoma and sarcoma and a T-cell 
proliferation was observed in vitro (45,46). Moreover, mice vaccinated with 
DC pulsed with unfractionated tumor peptides showed a reduced growth of 
subcutaneously established, weakly immunogenic tumors (47). The use of 
unfractionated tumor proteins, compared to a single peptide-loaded DC vacci- 
nation strategy, may have advantages, although still hypothetical. Multiantigen- 
loaded DCs may be able to present undefined but important epitopes, whereas 
approaches that utilize peptide-pulsed DC require that the peptide is clearly 
defined. Therefore multiantigen-loaded DC are more likely to cause multiple 
clonal expansion of T cells, which may have an enhanced antitumor effect. 
This effect has been demonstrated in several human neoplasms, which have 
the capacity to elicit multiple specific immune responses in the autologous 
host (48). Second, peptides processed by the DC from the unfractionated tumor 
proteins will mainly be presented in a MHC class II manner, inducing a CD4+ 
T-cell proliferation (46). The induction of these T-helper 1 (Thl) cells has a 
proven stimulatory effect on the function of the DC to induce cytotoxic T-lym- 
phocytes (CTL) (49,50). Thl cells express CD40L on the surface, which ligates 
to the CD40 expressed on DC and subsequently triggers the DC to produce 
extremely high levels of bioactive IL-12, a cytokine known to have a prolifera- 
tive effect on CTL and an enhancement of the antigen-presenting function of the 
DC (57). Also, other cytokines released by Thl cells may provide an environ- 
ment necessary for further maturation of DC. This may be similar to the effect 
accomplished by a recently described so-called monocyte-conditioned medium, 
which generates fully mature and stable DC (52,53). As compared with non-DC 
stimulation, a downregulation of natural killer (NK) cells with upregulation of 
CD3 + CD4 + was observed in all four DC-stimulated tumor-infiltrating lympho- 
cytes (TIL) cultures, which render a positive shift in the CD4 + /CD8 + ratio. TIL 
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grown in low-dose IL-2 expressed reduced cytotoxicity against autologous 
tumor when compared to TIL costimulation with DC-TuLy. The addition of 
TuLy did not increase the cytotoxicity, suggesting a lack of activated antigen- 
presenting cells (APC) in the TIL culture. The demonstration of a lower cyto- 
toxicity for both autologous and allogenic tumor targets in non-DC cultured 
TIL further implicates a loss of cytotoxic T-cell growth in IL2 alone, without 
DC stimulation. It appears that DC-TuLy-induced TIL do not represent single 
CTL clones, since the phenotypic analysis revealed a heterogeneous cell popu- 
lation in the cultures. Also, the cytokine profile of the restimulated TIL show 
patterns that correlate with tumor-specific lysis capacity of T cells (TNFa, 
IFNy). Most likely, these cells represent multiple clones induced by multianti- 
gens presented by DC using unfractionated crude TuLy. However, most of the 
autologous tumorlytic killing capacity of the DC-TuLy-stimulated TILs 
appeared to be cellular immune-mediated, as shown by the almost complete 
disappearance of this capacity with anti-CD3 blocking. 

In summary, from the peripheral blood of patients with advanced RCC, we 
were able to obtain a significant number of DC with an in vitro granulocyte 
macrophage-colony stimulating factor (GMCSF)/IL4-based culture tech- 
nique suitable for clinical use. These cells have a profound morphological 
and phenotypic entity and a functional capacity characteristic for potent anti- 
gen-presenting cells. When loaded with unfractionated tumor proteins using 
liposomes, these cells were able to induce, from of TIL obtained from RCC 
tissue, a CTL with high autologous tumor-cell-killing capacity. Based on the 
results obtained from the present study, we proposed a DC-based vaccination 
strategy in patients with advanced RCC. Presently, such trials are ongoing in 
a phase 1 setting. 

1. 1. Gene Therapy 

1.1.1. Genetically Engineered Tumor Cells 

In an effort to stimulate a more potent antitumor immune response, research- 
ers are experimenting with methods of increasing the immunogenicity of tumor 
cells in melanoma and RCC. One approach involves the introduction of MHC 
class I or cytokine genes into tumor cells to enhance tumor-antigen presentation 
and activation of tumor-specific CTLs (54). Genetically engineered tumor cells 
can be irradiated and reinfused into the patient, where they function as a vaccine. 

1.1.2. GMCSF Transfected Tumor Cells 

Murine studies have demonstrated that GM-CSF is a potent stimulator of 
systemic antitumor immune responses (55). These findings have led to 
preclinical and clinical trials investigating the effectiveness of RCC cells 
genetically engineered to express GM-CSF in generating an anti-RCC immune 
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response. This type of tumor-cell vaccine has induced the complete eradication 
of established tumors in mice. Dr. Jonathan W. Simons described a clinical 
study in which several patients were injected with increasing numbers of GM- 
CSF-secreting tumor cells. An early infiltration of mononuclear cells (espe- 
cially macrophages and DCs) at the vaccination site and an increased 
delayed-type hypersensitivity response were observed in patients injected with 
untransfected and GM-CSF-transfected tumor cells. However, two of three 
patients injected with GM-CSF-secreting tumor cells exhibited a fourfold 
increase in the magnitude of the delayed-type hypersensitivity response 
compared with controls, and there was no evidence of toxicity (56). Further- 
more, one of these patients exhibited a partial response to the vaccine. These 
results suggest that adoptive transfer of GM-CSF-secreting tumor cells may 
stimulate an effective antitumor response. Unfortunately, this methodology is 
expensive and labor-intensive, which may limit its clinical application. 

1.1.3. Intralesional Gene Therapy 

The direct transfer of genes encoding MHC class I proteins or cytokines into 
tumor cells in vivo is a novel approach to enhancing the antitumor cellular 
immune response. One advantage of direct in vivo transfer of DNA into tumor 
cells compared with ex vivo transfer is the simplicity of the procedure, which 
does not require expensive and time-consuming manipulation of tumor cells in 
culture. One disadvantage may be the low efficiency of gene transfer. In vivo 
transfer of cytokine genes has been shown to reduce tumor growth in the murine 
renal adenocarcinoma model (RENCA) (57). The first Phase I clinical trial of 
in vivo intralesional gene transfer used cationic liposomes to deliver a plasmid 
harboring the IL-2 gene. No objective responses were observed: however, the 
procedure was demonstrated to be safe. The results of a dose-optimization trial 
are still pending. 

Similar phase I trials are currently underway to examine direct gene transfer of 
the HLA-B7 gene and the |3 2 microglobulin gene (58). The HLA-B7 gene was 
chosen for these studies because of evidence that it is involved in presentation of 
tumor-specific antigens in melanoma and RCC. Direct intralesional transfer of the 
HLA-B7 gene into melanoma tumors has produced clinical responses in some 
patients. However, to date, no clinical responses have been observed in RCC. The 
injection of the HLA-B7 gene into the tumors of 14 RCC patients by Dr. Nicholas 
Vogelzang and colleagues resulted in HLA-B7 RNA and protein expression in the 
majority of tumor samples. Although tumor infiltration by CD8 + T cells indicated 
induction of a cellular immune response, no clinical responses were observed (59). 
A recent phase II study involving 25 patients has likewise failed to demonstrate 
clinical efficacy. However, these studies have indicated, the overall safety and 
feasibility of intralesional HLA-B7 gene transfer. 
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Fig. 1. Schematic presentation of materials. 



2. Materials 

(Schematically presented in Fig. 1) 

1. Peripheral blood mononuclear cell (PBMC) must be isolated from peripheral 
blood of patients with RCC by a Ficoll-Hypaque gradient centrifugation 
(Pharmacia Biotech, Alameda, CA). 

2. Cells are resuspended in culture medium RPMI-1640 (Bio-Whittaker, Wal- 
kersville, MD) or AIM-V (Gibco-BRL, Gaithersburg, MD) supplemented with 
different concentrations of heat-inactivated human-type (AB) or autologous 
serum (0%, 1%, 5%, or 10%), 0.01 M N-2-hydroxyethylpiperazine-N'-ethane- 
sulfonic-acid buffer, and penicillin-streptomycin (50 IU/mL) (ICN Biomedical, 
Irvine, CA). 

3. Cells are plated in 25-cm 2 cultured flasks at 2.5-5 x 10 6 cells/mL. 

4. The cells are subsequently incubated at 37°C for 90-120 min, after which the 
nonadherent cells are removed with several gentle washes. 

5. Adherent cells are incubated at 37°C in complete media supplemented with 800 
U/mL of human recombinant GM-CSF (Genetics Institute, Boston, MA) and 
1000 U/mL of human recombinant IL4 (R&D Systems, Minneapolis, MN). 

6. After 7 d in culture, all free or loosely adherent cells are collected by vigorous 
rinsing. This results in a heterogeneous cell population containing DC, B cells, 
and T cells, and NK cells. DC are further purified by negative depletion. 

7. The cell pelletS are incubated for 30 min at 4°C with azide-free monoclonal anti- 
CD19, anti-CD3, and anti-CD56 antibodies (all from Immunotech, Westbrook, 
ME) at a concentration of 2 uL of each per 1 x 10 6 cells. 

8. Antibody-labeled cells are removed using magnetic beads coated with goat anti- 
mouse IgG (Dynal, Lake Success, NY). ITest the purity of the DC, the cells are 
depleted with anti-CD 14 (Immunotech, Westbrook, ME) 
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Finally, although GM-CSF is a crucial mediator of DC maturation and 
function, this method of DC maturation was also IL-4 dependent. In particular, 
the characteristic APC phenotype and function could only be demonstrated for 
DC grown in the presence of both GM-CSF and IL-4. 

3. Methods 

3. 1. Immunomodulation with Biological Response Modifiers 

3.1.1. Recombinant lnterleukin-2 (rlL2) 

1. Mechanism: proliferation of T-cells, monocytes, and NK cells. 

2. Clinical status: FDA approved for clinical use in RCC patients. 

In 1992, rIL-2 obtained approval from the United States Food and Drug 
Administration on the basis of demonstrated safety and efficacy in clinical 
studies involving 255 patients with RCC who were treated with high-dose rIL-2 
regiments (7). The cumulative experience with high-dose rIL-2 therapy has 
demonstrated an objective response rate of approx a 15% (complete and partial 
responses) — mostly in patients with good clinical performance status — with a 
median survival of approx 40 mo for patients achieving a complete response 
and 24 mo for patients achieving a partial response. The objective response 
rate for RCC patients treated at the National Cancer Institute with high-dose iv 
bolus rIL-2 before 1992 was 20% (8). More than 75% of patients achieving a 
complete response remained disease-free for 3+ yr, and some complete 
responses have been durable for 5+ yr. The major challenge has been to develop 
new regimens and new strategies to further improve survival with managable 
toxicity. The optimal schedule of rIL2 is still unknown. In a still ongoing three- 
armed randomized trial designed to establish the optimal dose of rIL-2, the 
three regimens are as follows (9) : 

1. High-dose i.v. bolus (720,000 IU/kg intravenously every 8 h). 

2. Low-dose i.v. bolus (72,000 IU/kg intravenously every 8 h). 

3. Subcutaneous (120,000 IU/d for 5 d each wk). 

Toxicity — including hypotension, dyspnea, thrombocytopenia, malaise, and 
disorientation — was significantly greater with the high-dose regimen, and 
approx 50% of patients in this group required treatment for hypotension 
compared with less than 5% in the low-dose group. The response rate and 
toxicities observed in the sc group were similar to those observed in the low- 
dose iv group. The response percentages were 21% in the high-dose iv bolus 
group, and only 11% in the low-dose iv bolus group, and response durations 
were significantly longer in the high-dose group. Although the final results are 
still pending, it may be true that the differences will ultimately not be signifi- 
cant. Moreover, as with adequate monitoring of patients, it can be tolerated 
without risk of treatment-related mortality. 
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The role of nephrectomy in selected patients who responded to rIL-2 has also 
been addressed. In a study reported by Bennet et al., four of six patients whose 
renal tumors progressed after immunotherapy exhibited no evidence of residual 
disease after resection, and have remained disease-free for nearly 5 yr (10). The 
acceptance of rIL-2 as the standard therapy for metastatic RCC has led to the 
investigation of other biological-response modifiers for treating this disease. 

3.1.2. rINFa 

1. Mechanism: proliferation of T cells, upregulation of MHC molecules. 

2. Clinical status: in Europe, approval for clinical use in RCC patients. 

Since the first clinical trials in 1983 suggested that rINF-a was effective in 
the treatment of metastatic RCC, extensive studies have been conducted. The 
objective response rate from the treatment of more than 900 patients in 13 
clinical trials with rIFN-a was 18.4%, and duration of response ranged from 
6-10 mo; however, complete responses are rare (11,12). Despite the large 
number of studies investigating the efficacy of rIFN-a in metastatic RCC, the 
optimal dose and schedule have not been determined because of significant vari- 
ability in reported response rates, which may stem from differences in regimens 
and patient populations. The published data, however, suggest that a dose of 10-20 
mlU/d produces optimal response rates with single-agent rIFN-a therapy. The 
impact of single agent rIFN-a on overall survival has not yet been determined. 

Certain variables appear to predict the likelihood of response to rIFN-a 
therapy. Patients with a good performance status, prior nephrectomy, and 
nonbulky pulmonary and/or soft-tissue metastases who are asymptomatic or 
exhibit minimal symptoms have a higher likelihood for response. Indeed, 
response percentages of up to 30% and response durations of >27 mo have 
been observed in a select subset of patients (13). These patients had prior 
nephrectomy, good-to-excellent performance status, and no previous chemo- 
therapy or radiotherapy. In contrast, patients with undersexed primary RCC, 
extensive prior treatment, and bulky metastases to viscera or bone were less 
likely to respond. 

3.1.3. Combination Therapy with rIFN-a and rIL-2 

Preclinical murine tumor models have demonstrated synergistic antitumor 
effects with the combination of rIFN-a and rIl-2, establishing a compelling 
rationale for their combined use (14). The mechanisms of synergy are unclear, 
but administration of rIFN-a may augment the immunogenicity of tumor cells 
by enhancing expression of MHC antigens and presentation of tumor-associ- 
ated antigens to T lymphocytes. 

Clinical trials have established the safety and efficacy of combination 
therapy with rIFN-a rIL-2 in metastatic RCC. The available data from 1200 



350 Mulders 

patients treated with this combination collectively demonstrate an objective 
response rate of approx 20%, and approx 5% of patients achieved a complete 
response. Overall, responses have occurred at all disease sites — including bone, 
intact primary tumors, and visceral metastases — and have included patients 
with large tumor burdens such as bulky individual lesions. Some durable 
complete responses have been observed. 

Several studies have also investigated the combination of rIL-2, rIFN-a, 
and 5-fluorouracil for metastatic RCC, with encouraging results (15,16). In a 
phase II outpatient study investigating the efficacy of sc IL-2 (20 mIU/m 2 ) and 
rINF-a (6-9 mIU/m 2 ) plus i.v. bolus 5-fluorouracil (750 mg/m 2 ), an overall 
response rate of 39% was observed (11% complete responses and 28% partial 
responses) (17). Stratification of patients by risk factors revealed a significant 
survival advantage with this combination as compared to single-agent rIL-2 in 
low- and intermediate-risk patients. Others have reported similarly encourag- 
ing results, with an objective response rate of 47% (15). Confirmation of these 
efficacy data and additional information about toxicity associated with this 
regimen are needed. 

3.1.4. rlL12 

1. Mechanism: favors TH-1 type responses, macrophage, and NK cell activation; 
induces IFN-y production. 

2. Clinical status: Phase I. 

Preclinical and phase I clinical trials are currently investigating the biologi- 
cal effects of rIL-12 and its antitumor activity in metastatic RCC. IL-12 is 
believed to induce expression of other cytokines and chemokines. Preclinical 
experiments have shown that administration of weekly pulses of rIL-2 in 
combination with rIL-12 additively enhanced the priming of macrophages for 
nitric-oxide production in culture and reversed tumor growth in mice far more 
effectively than either agent alone (18) . Two phase I studies with systemic rlL- 
12 were performed, and in 50% of patients an induction of IFN-y RNA was 
observed. In addition, two IFN-inducible chemokines were detected in rIL-12 
treated patients — suggesting that rIL-12 induces IFN-y expression, resulting in 
an enhanced antitumor immune response (19). 

3.2. Adoptive Immunotherapy 

A variety of adoptive immunotherapeutic approaches have been investigated 
in RCC, including: 

1 . Adoptive transfer of TILs. 

2. Autologous activated memory T-cells (ALT). 

3. Priming tumor-specific CTLs. 
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Lymphocytes with potential cytotoxic antitumor activity can be isolated 
from peripheral blood, tumor-draining lymph nodes, or tumor tissue. These 
cells are subsequently expanded ex vivo and reinfused into the patient — often 
in combination with biological response modifiers — with the hope of improv- 
ing the rate and durability of response. 

3.2.1. TILs 

TILs can be isolated from the patient's tumor, expanded ex vivo in rIL-2, 
and reinfused, typically in conjunction with rIL-2 and/or rIFN-a therapy or 
chemotherapy. In an early study, 12% of RCC patients treated with rIL-2 plus 
TILs achieved a clinical response (20). The Departments of Urology and Medi- 
cal Oncology at University of California Medical School at Los Angeles has 
shown a favorable experience with these regimens, according to Dr. Arie 
Belldegrun. Of the 55 patients treated with a combination of rIFN-a priming, 
TILs, and low-dose iv rIL-2, 35% achieved a clinical response (9% complete 
responses and 25% partial responses) with no significant toxicity (21). Among 
those patients who responded to therapy, 43% survived 2+ yr. Median survival 
among patients achieving a complete response was 42+ mo. High baseline lev- 
els of circulating NK cells were the only prognostic factor that correlated with 
response. These results demonstrate that immunotherapy in combination with 
radical nephrectomy and adoptive transfer of TILs can provide substantial 
therapeutic benefit. Combined therapy with rIL-2, rIFN-a, and TILs has 
become the standard at the University of California at Los Angeles. 

3.2.2. ALT 

ALT refers to adoptive immunotherapy with autologous activated-memory 
T lymphocytes that have been expanded and activated ex vivo. T lymphocytes 
are selected from peripheral blood leukocytes with anti-CD3 mAbs and then 
further enriched for activated-memory T lymphocytes that have presumably 
been exposed to tumor antigens. These memory T cells are then expanded and 
nonspecifically stimulated with cytokines to increase their cytolytic activity 
and multicytokine secretion. The resulting cell population presumably contains 
activated CTLs with potential antitumor activity. Early studies suggested that 
ALT, in combination with cimetidine (an agent postulated to inhibit suppres- 
sor T-cell activity), produced a survival benefit (22). 

To assess the clinical benefit of ALT in metastatic RCC, 90 patients were 
randomized to receive cimetidine monthly for 6 mo, alone or in combination 
with ALT (23). Median survival in the ALT group was >2 times longer (17 mo) 
than in the group receiving cimetidine alone — a significant improvement. Ten 
of 45 patients (22%) survived 44+ mo, and toxicity associated with ALT was 
minimal. A phase III trial in which patients are randomized to rIFN-a plus 
cimetidine with or without ALT is currently underway. 
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3.2.3. Priming Tumor-Specific CTLs 

Animal models have shown that adoptive immunotherapy can be effective 
against advanced malignancies when lymphocytes derived from tumor-draining 
lymph nodes are primed with Corynebacterium parvum ex vivo and subsequently 
reinfused. Clinical experiments involved patients with melanoma or RCC in 
which a portion of each patient's tumor mass was excised and used to prime 
tumor-specific CTLs. Tumor cells were irradiated and mixed with T lympho- 
cytes from draining lymph nodes that had been stimulated in culture with bacil- 
lus Calmette-Guerin. By doing so, it was hoped that tumor-specific CTLs would 
proliferate in culture. As many as 10 11 cells, primarily CTLs, could then be 
reinfused into the patient. These cells demonstrate autologous antitumor cytolytic 
activity in vitro, and have high GM-CSF and IFN-y cytokine profiles, both of 
which are important for T-cell-mediated immune reactivity (24). In a recent clini- 
cal trial involving 12 patients with RCC, two complete responses and two partial 
responses were obtained with this treatment (25). 

3.3. Vaccine Development-DC Immunotherapy 

1. Mechanism: inducing a specific cellular immune response. 

2. Clinical status: Phase I, 

DCs are the most potent cells for antigen presentation, are critical for elicit- 
ing T-cell-mediated immune responses, and have initiated new directions in 
the treatment of cancer (26). The premise behind this approach is that DC can 
be isolated from patient's blood, armed with tumor antigens, and subsequently 
used to induce a specific antitumor response (27,28). Recently, several human 
phase I trials have been initiated using peptide/protein-loaded DC, and in 
different metastatic tumors promising results have been obtained, without 
significant side effects from the vaccinations (29-31). Figure 2 depicts the 
flow of such a vaccination. It is known that a defective immune response exists 
in patients with advanced cancer (32,33). Although factors that contribute to 
tumor immunological escape are not well elucidated, inadequate presentation 
of tumor antigens by host APCs is one of potential mechanisms that renders 
tumor progression (34). In order to activate T-cell-mediated antitumor activity, 
APC must be capable of processing tumor-associated antigens, present them in 
the context of MHC class I or II molecules, and, provide costimulatory 
molecules (B7-1/B7-2) to interact with the T cell (35). Fig. 2 schematically 
presents the interaction of DC and T cells. The recent finding that mature DC 
isolated from RCC tumor had a reduced capability of capturing soluble anti- 
gens indicates a close relationship between immunosuppression and defective 
DC in situ (36). This hypothesis is further supported by the study demonstrat- 
ing that pretreatment of DC with transforming growth factor-(3 (TGF-(3), a 
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tumor-derived growth factor, could impair their antigen-presenting function 
(37). The lack of B7-1 and B7-2 expression by tumor-infiltrating DC was also 
reported (38). Likewise, vascular endothelial growth factor (VEGF) secreted 
by tumor cells was recently identified as an immunosuppressive factor that 
could block early stages of DC maturation from precursors (39). Therefore, the 
failure of RCC patients to elicit an antitumor response in situ, despite the pres- 
ence of TIL and DC, suggests that the antigen presentation system in situ is 
functionally suppressed. 

The DC play an important role in the immune system network, as the most 
potent APCs. This unique function provides a fundamental concept and ratio- 
nale for clinical applications in the treatment of patients with advanced cancer. 
Efficacy of peptide-pulsed DC as APC for the induction of antigen-specific 
CTL in vivo has been demonstrated in a series of animal experiments using in 
vitro cultivated and cytokine-treated DC (42-44). There is evidence for a potent 
kidney- cancer vaccine that may be generated using autologous TuLy-loaded 
DC induced from adherent PBMCs using GM-CSF and IL-4. In order to 
develop a DC-based immunotherapy for the treatment of patients with RCC, 
the optimization of the DC culture technique suitable for clinical use is neces- 
sary. A DC culture technique with the use of serum-free medium (RPMI-1640 
or AIMV) was not suitable because it obtained a heterogeneous cell population 
with a significant number of CD14 + macrophages with a low B7-2 expression, 
a phenotype which is correlated with a lack of antigen uptake capacity and 
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presenting function. Moreover, only with the use of RPMI- 1 640 and 10% auto- 
logous serum DC can adequately be generated from CD14 + progenitor cells 
(macrophage/monocytes). A dose-dependent DC maturation by serum was only 
observed when DC were cultured in RPMI- 1640 medium, but not in AIMV 
medium. This medium-and serum-dependent DC maturation is obligatory in 
the culture technique — in which, after the adherent step, the nonadherent cells 
are gently rinsed off and a significant number of lymphocytes are still present 
during the 7 d culture with IL4 and GM-CSF. 

4. Notes 

1 . The frequency of response with this combination is equivalent to or greater than 
that reported with rIL-2 alone, and durable complete responses are reported with 
both regimens; however, no large randomized trial has directly compared the 
efficacy of rIL-2 alone vs rIL-2 plus rIFN-a. 

2. The epidemiological correlation between the number of tumor-infiltrating DCs 
and survival (40,41) further indicates that activation of DC within the tumor site 
may be particularly important in the induction of a cellular immune response. 

3. The combination of autologous serum and the presence of a small number of 
lymphocytes provides an adequate environment for monocytes to mature into 
potent APCs. 

4. The successful treatment of metastatic RCC poses a significant therapeutic 
challenge. Because of the intrinsic multidrug resistance of renal cells, chemo- 
therapy has proven ineffective. Immunotherapy with rIL-2 is the current stan- 
dard for treating RCC, and a number of promising new immunotherapeutic 
strategies are now under investigation. Although none have demonstrated clear 
superiority over rIL-2 therapy, some combination regimens and adoptive 
immunotherapy strategies may improve response rates and prolong survival 
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with less morbidity than single-agent rIL-2 therapy. Reducing the toxicity of 
therapy is important. Strategies to improve the antitumor activity of adoptively 
transferred leukocytes using cytokine priming, dendritic cells, or genetic 
manipulation are especially promising. Research aimed at defining the clinical 
parameters that can predict responses to immunotherapy is also beginning to 
bear fruit. 
5. Perhaps the most potent weapon that we can yield against RCC is a tumor vaccine 
that will mobilize an effective in vivo, cellular, antitumor immune response. 
Currently, tumor-cell vaccines using genetically altered tumor cells are in the 
early stages of clinical testing, and researchers are experimenting with direct 
intralesional DNA transfer to deliver genes to tumor cells. Recent advances in 
the identification of tumor-associated antigens have improved the prospects for 
developing effective RCC-specific peptide vaccines. Continued preclinical and 
clinical research will undoubtedly lead to a better understanding of the factors 
critical to induction of an effective antitumor immune response, which may 
involve overcoming functional deficits in the host immune cells. This research, 
together with recent and continued advances in our understanding of the molecu- 
lar genetics of RCC, will be critical to the development of a comprehensive 
strategy for treating this disease. 
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Assessment of T-Cell Immune Dysfunction in Patients 
with Renal Cell Carcinoma 

Robert G. Uzzo, Vladimir Kolenko, Andrew C. Novick, 
and James H. Finke 



1. Introduction 

Functional T cells are the central component of an effective antitumor 
immune response. However, in patients with renal cell carcinoma (RCC), the 
growth of antigenic tumors proceeds in the absence of significant T-cell 
responses, posing a distinct obstacle to the development of effective immuno- 
therapy strategies and cancer vaccines. The minimum required elements of a 
functional antitumor immune T-cell response have been identified, including 
T cells that can preferentially recognize tumor-associated antigens (1). 
However, despite increasing evidence that T-cells recognize discrete tumor 
antigen, transformed cells continue to evade immune destruction, and tumors 
thereby progress. There is now little doubt that the immune response to tumor 
antigens is altered in patients with cancer (2). This rarely manifests clinically 
as generalized immune suppression, which may reflect the antigen specificity 
of the immune dysfunction in the initial stages of the disease. 

An orchestrated antitumor immune response depends on the ability of 
T lymphocytes to undergo normal activation and express cytokines neces- 
sary for clonal expansion and effector functions. In addition, this T-cell 
response must be appropriately maintained and must avoid premature 
downregulation mediated primarily through apoptotic pathways. Increasing 
evidence suggests these activities fail to occur or are inappropriately terminated 
in patients with malignancies including RCC. In tumor-bearing patients, T cells 
infiltrating the tumor bed exhibit a diminished capacity to proliferate (3), reduced 
cytotoxic activity (4), and reduced Thl cytokine expression (5). Alterations in 
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select signal transduction pathways — including the transcription factor 
NFkB — have been associated with this immune dysfunction in patients with 
RCC (6, 7). Impaired NFkB activity may contribute to reduced T-cell function, 
since this transcription factor controls the expression of a number of genes that 
encode for cytokines, their receptors, and other membrane-regulatory mol- 
ecules central to T-cell activation, and protection of T cells from apoptotic 
stimuli (8,9,10,11). 

The tumor itself may play a significant role in the development of immune 
dysfunction (7,12,13,14). Indirect evidence supporting the role of the tumor- 
T-cell interaction has been identified in the tumor bed, where defective T-cell 
signaling and function as well as T-cell death have all been detected. Similar 
defects have been demonstrated in circulating peripheral blood T cells, includ- 
ing decreases in the TCR-t; chain (15), abnormal NFicB-binding activity (7), 
and identification of preapoptotic markers on T-cells, such as the exter- 
nalization of phosphatidyl serine (16). The magnitude of these defects may be 
related to tumor burden and clinical stage (17), and some defects may be 
reversed after complete tumor removal (7). Soluble tumor-derived products 
capable of altering T-cell function have been identified from our laboratory 
and others, and may account for these observations (18). Taken together, these 
data suggest that the tumor plays a central role in mediating T-cell defects. 
Here, we outline our techniques for isolating and identifying alterations in 
T-cell signaling elements and effector functions in patients with RCC. 

2. Materials 

2. 1. Isolation of T-cells 

2.1.1. Peripheral Blood T-cell Isolation by Negative Magnetic Selection 

1. Equipment: pipettors, pipet aid, centrifuge, magnetic separator (MACS, Miltenyi 
Biotec, Sunnyvale, CA), magnetic column (Stem Cell Technologies, Vancouver, 
BC, Canada), pH meter. 

2. Plasticware/Disposables: three-way stopcock, 21-gauge needle, 10-mL syringe, 
pipet tips, pipets (2-, 5-, and 10-mL), 50-mL conical polypropylene tubes (Becton 
Dickinson, Franklin Lakes, NJ), 15-mL polypropylene centrifuge tubes (Corning 
Inc., Corning, NY). 

3. Medium: RPMI-1640, fetal calf serum (FCS), phosphate-buffered saline (PBS), 
bovine serum albumin (BSA), ethylenediaminetetraacetic acid (EDTA). 

4. PBS/BSA/EDTA medium: 1% BSA with 5 mM EDTA in PBS (adjust to a 
pHof 7.2). 

5. Reagents: Ficoll (LKD Biotech, Piscataway, NJ), T-cell antibody cocktail (a-CD14 
(macrophages), a-CD16 (natural killer [NK] cells), a-CD19 (B cells), a-CD56 
(NK cells), and glycophorin A (erythrocytes) and magnetic colloid (Stem Cell 
Technologies). 
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2.1.2. Tumor-Infiltrating T-Cells 

1 . Equipment: 37°C water bath, shaker, centrifuge, pipet aid, pH meter, 37°C incubator. 

2. Plasticware/Disposables: scalpels, Petri dish, specimen container, mesh stainless-steel 
filter, nylon filters (150 uMNitex mesh, Tetko, Briarcliff Manor, NY), 50-mL coni- 
cal centrifuge tubes, 60-mL syringe, nylon wool (PolyScience, Niles, IL ), pipets. 

3. Medium: Dulbecco's modified Eagle's medium (DMEM) (BioWhittaker, 
Walkersville, MD), RPMI-1640, FCS, PBS/BSA/EDTA (see Subheading 2.1.1., 
item 3). 

4. Digestion solution (freshly made): 70 mg Collagenase II and 20 mg trypsin 
inhibitor in 20 mL warm DMEM. 

5. Complete RPMI-1640: 10% FCS, 200 mM L-glutamine, gentamicin (50 mg/L), 
100 mM sodium pyruvate, 10 mM nonessential amino acids. Adjust volume with 
RPMI-1640. 

2.2. Characterization of Surface Antigens by Immunocytometry 

1. Equipment: FACScan, microcentrifuge, pipet, pipet aids. 

2. Plasticware/Disposables: eppendorf tubes, pipets, pipet tips, polystyrene round- 
bottom RIA tubes (Becton Dickinson). 

3. Media: PBS, BSA. 

4. Reagents: antibodies. 

a. T-cell subsets and activation markers: 

1. CD3/CD4/CD8 (Becton Dickinson). 

2. CD25 (IL2Ra) (Becton Dickinson). 

3. HLA-DR (Becton Dickinson). 

b. Apoptotic proteins and receptors: 
1 CD95 (Becton Dickinson). 

2. CD95L (PharMingen, San Diego, CA). 

3. Annexin V (R & D Systems, Minneapolis, MN). 

4. Propidium iodide staining buffer (Phoenix Flow Systems, San Diego, CA). 

5. TNF Rl and 2 (R & D Systems). 

2.3. Isolation of Cellular Extracts and Proteins 

2.3.1. Whole-Cell Ly sates 

1. Equipment: microcentrifuge, pipettors, pipet aids, vortex, spectrophotometer. 

2. Plasticware/Disposables: Eppendorf tubes, pipets, pipet tips, 50-mL conical 
centrifuge tubes. 

3. Media: lysis buffer, 50 mM Tris-HCl, pH 7.6, 150 mMNaCl, 1% Triton X-100. 

4. Reagents: ddH 2 0, NaCl, phenylmethylsulfonyl flouride (PMSF), leupeptin, 
aprotinin, pefabloc, chymostatin. 

2.3.2. Nuclear and Cytoplasmic Extracts 

1. Equipment: microcentrifuge, pipettors, pipet aid, vortex, rock platform. 

2. Plasticware/disposables: Eppendorf tubes, pipet tips, pipets, 50-mL conical 
centrifuge tubes. 
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3. Hypotonic buffer A: 10 mM HEPES (pH 7.9), 10 mM KC1, 0.1 mM EDTA, 0.1 
mM EGTA. 

4. Hypotonic buffer C: 20 mM HEPES (pH 7.9), 25% glycerol, 0.4 M NaCl, 1 mM 
EDTA (pH 8.0), 1 mM EGTA. 

5. Protease inhibitors: 2 u,g/mL aprotinin, 2 [xg/mL leupeptin; 1 mM dithiothreitol 
(DTT); 100 ug/mL pefabloc; 10 [ig/mL phenylmethylsulfonyl fluoride (PMSF); 
0.1 [xg/mL chymostatin. 

6. Nonidet P-40 detergent (Sigma). 

2.4. Western Blotting for Signaling Proteins 

1. Equipment: Electrophoresis apparatus, transfer apparatus, shaker, heating block, 
vortex, X-ray cassette, pipet aids, pipetors, heat sealer. 

2. Plasticware/Disposables: PVDF or nitrocellulose nitrocellulose membrane (MSI, 
Westborough, MA), clear-sheet protector, X-ray film, Eppendorf tubes, pipets, 
pipet tips, sealable clear plastic freezer bags, plastic containers for washes, scal- 
pel, ruler. 

3. Sample buffer (2X): 125 mM Tris (pH 6.8), 4% sodium dodecyl sulfate (SDS), 
10% glycerol, 0.006% bromophenol blue, 2% |3-mercaptoethanol. 

4. Electrophoresis buffer (5X): 25 mMTris-HCl, 192 mM glycine, 0.1% SDS. Bring 
up to 3 L with ddH 2 0. Store at 4°C. Dil. 1:4 for use. 

5. Transfer buffer (IX): 48 mM Tris, 39 mM glycine, 20% methanol, 0.037% SDS. 
Bring volume up to 1 L. Cool buffer before use. 

6. Blocking buffer (IX): 5% nonfat dry milk in wash buffer. 

7. Wash buffer (pH 7.4) (IX): 50 mM Tris-HCl, 150 mM NaCl, 0.1 % Tween-20. 

8. Antibodies used: 

a. Jakl and Jak3 (Transduction Labs, Lexington, KY). 

b. STAT 5 (Transduction Labs). 

c. RelA and p50 (Santa Cruz Biotechnology, Santa Cruz, CA). 

d. TCRz (Coulter Corp., Hialeah, FL). 

e. p56 lck and p59 f y n (Upstate Biotechnology Inc., Lake Placid, NY). 

f. Caspase 1,3,6,7,8 (Santa Cruz). 

9. Molecular weight marker (Amersham Life Sciences). 

2.5. Electrophoretic Mobility Gel Shift Assay (EMSA) 

1. Equipment: Electrophoresis apparatus, pipet aid, pipettor, vacuum-gel dryer, 
X-ray film and cassette, liquid scintillation counter (Beckman, Fullerton, CA). A 
white light box and high-resolution CCD camera (Sierra Scientific). 

2. Plasticware/disposables: Pipet tips, Eppendorf tubes, chromatography paper 
(Whatman International, Maidstone, UK), plastic wrap. 

3. Running buffer: 0.25% TBE. Make 5X Tris-borate-EDTA (TBE) stock buffer 
solution with 54 g Tris, 27.5 g boric acid, 20 mL 0.5 M EDTA (pH 8.0). Dilute to 
a final concentration of 0.25% with ddH 2 0. 

4. Incubation buffer: 20 mM HEPES (pH 7.9), 80 mM NaCl, 0.1 mM EDTA, 1 mM 
DTT, 8% glycerol, 2 \iL poly (dl-dC) (Pharmacia, Piscataway, NJ). 
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5. Loading dye: 0.025 g bromophenol blue, 0.025 g xylene cyanol, 3 mL glycerol, 
7 mL dEPC H 2 0. 

6. Reagents: 

a. Gel: ddH 2 0, poly aery lamide: bis-, 5X TBE, 10% ammonium persulfate, 
TEMED (Sigma). 

b. Preparation of probes: Nick translation kit (Boehringer Mannheim, Germany), 
[a- 32 P]-dCTP, NFkB consensus sequence (Gibco-BRL, Gaithersburg, MD). 

c. Sample preparation: poly (dldC), DTT, loading dye. 

2.6. RNA Isolation and PCR Protocol 

2.6.1. RNA Isolation 

1. Equipment: ultracentrifuge, SpeedVac, quartz cuvets, spectrophotometer. 

2. Plastic ware/Disposables: 50-mL conical centrifuge tubes, 5-cc syringe, 21-gauge 
needle, SW50.1/SW55 polyallomer tubes. 

3. Reagents: PBS, GITC/|3ME solution (25 mL of guanidine isothiocyanate plus 209 \xL 
of |3-mercaptoefhanol, cesium chloride, cold 70% ETOH, PCI extract (phenolxhloro- 
form:isoamyl alcohol [Gibco-BRL]), 3 M sodium acetate (pH 5.0), dep H 2 0. 

2.6.2. PCR Protocol 

1. Equipment: DNA thermal cycler, pipettor, pipet aid, X-ray film and cassette, 
water baths (42°C and 65°C), Southern blotting dish and apparatus, UV light box 
and crosslinker, heat sealer. 

2. Plasticware/disposables: pipet, pipet tips, microwell dish, Tupperware, nitrocellu- 
lose paper, filter paper, absorbable towels, sealable plastic pouches, plastic wrap. 

3. PCR primer and probe sets, AMV reverse transcriptase and buffer (Promega 
Corp., Madison, WI), RNase, Taq polymerase. 

4. Reverse transcriptase (RT) mix: For each sample add 1 jxL 10X RT buffer, 1 \iL 
10X dNTP's (2.5 mM), 1.25 \ih 3' primer (20 \iM), 0.5 \ih RNAsin enzyme, 
0.5 \iL RT enzyme. 

5. Polymerase chain reaction (PCR) mix: For each sample add 27.25 uL depc H 2 0, 
5 uL 1 OX PCR buffer, 5 uX 1 OX dNTP's, 1.25 \ih 3' primer (20 \iM), 1.25 mL 
5' primer (20 u-M), 0.25 \iL Taq polymerase. 

6. Gel: 5X TBE, agrose gel, ethidium bromide, loading buffer. 

7. Denaturing reagents: 60 mL 5 M NaCl, 20 mL 5 NNaOH, 120 mL ddH 2 0. 

8. Renaturing reagent: 60 mL 5 M NaCl, 80 mL 2.5 M Tris-HCl (pH8.0), 60 mL ddH 2 0. 

9. Gel transfer: 20X SSC. 

10. Prehybridization solution: 30 mL formamide, 1.2 mL 50X Denhardt's solution, 
3.0 mL 1 M phosphate buffer, 15 mL 20X standard saline citrate (SSC), 3 mL 20% 
SDS, 4.8 mL depc H 2 0, 3.0 mL salmon sperm, which has been boiled for 10 min. 

11. Hybridization solution: 5 mL 20X SSC, 0.3 mL NaH 2 P0 4 , 0.63 mL salmon sperm 
and 9.1 mL depc H 2 0. 

12. Probe cocktail: probe, polynucleotidekinase, DEPC H 2 0, 
triphosphate (ATP), 10X polykinase buffer. 

13. Wash solution: 6X SSC, 20% SDS. 
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2.7. Generation of Tumor Supernatants from Explants 

1. Equipment: Shaker, microcentrifuge, pipettors, pipet aids, C0 2 incubator. 

2. Plasticware/disposables: Scalpels, Petri dish, tissue culture flasks, nylon filters, 
50 mL conical centrifuge tubes, pipets, pipet tips. 

3. Media: RPMI- 1 640, DMEM. 

2.8. Determination of T-cell Apoptosis 

2.8.1. TUN EL Assay 

1. Equipment: FACScan, pipettors, pipet aids, microcentrifuge, Ventana Gen II in 
situ hybridization instrument Ventana Medical Systems (Tucson, AZ), Ventana 
320 automated immunostainer, light microscope. 

2. Plasticware/disposables: Eppendorf tubes, pipets, pipet tips. 

3. Media: none. 

4. Reagents: 1% Paraformaldehyde, 70% ethanol, PBS, APO-BRDU kit (Phoenix 
Flow) containing terminal deoxynucleotidyl transferase (TdT), dUTP, fluores- 
cein-PRB-1 antibody, propidium iodide/RNase A solution, formalin and B5 fixed 
paraffin-embedded RCC, xylene, graded alcohol wash (70-100%), proteinase K 
(2 mg/mL diluted 1:100 in 10 mM Tris-HCl), nuclear fast red counterstain. 

2.8.2. Assessment of Functional Caspase Activity 
by Fluorescent/Colorimetric Assays 

1. Equipment: Fluorometer/spectrophotometer, pipettors, pipet aids. 

2. Plasticware/disposables: 96-well plate, pipets, pipet tips, 50-mL conical centri- 
fuge tubes, 37 C C incubator. 

3. Reaction buffer: 100 mM HEPES, pH 7.5, 20% vol/vol glycerol, 5 mM DTT, 
0.5mMEDTA. 

4. Reagents: Fluorogenic/colorimetric caspase 1,3,6,8,9 specific substrates (Calbio- 
chem, LaJolla, CA), glycerol, DTT, EDTA, ddH 2 0. 

2.8.3. Cytochrome c-Release Assays 

1. Equipment: Pipettors, pipet aids, Kontes douncer and B pestle (Kontes Glass 
Co.). 

2. Plasticware/disposables: Pipets, pipet tips. 

3. Media: Cytochrome c buffer: 250 mM sucrose, 12.5 mMTris,pH4.0,DTT 1 mM, 
0.125 mM EDTA, 5% glycerol, 1 \iM PMSF, 1 ^g/mL leupeptin, 1 ixg/mL 
pepstatin, 1 |ig/mL aprotinin. 

4. Reagents: PBS. 

2.8.4. Mitochondrial Permeability Transition (MPT) Assays 

1. Equipment: Pipettors, pipet aids. 

2. Plasticware/disposables: pipets, pipet tips. 

3. Media: PBS. 
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4. Reagents: 3,3'-Dihexyloxacarbocyanine iodide (DiOCg) (Molecular Probes, 
Eugene, OR), PBS, carbonyl cyanide m-chlorophenylhydrozone (mCICCP) 
(Sigma Chemical Co. St. Louis, MO). 

3. Methods 

3. 1. Isolation of T-cells 

3.1.1. Peripheral Blood T-Cell Isolation by Negative Magnetic Selection 

3.1 .1 .1 . Isolation of Mononuclear Cells 

1. Dilute blood 1:1 with RPMI-1640 at room temperature. 

2. Add 12 mL of Ficoll to 50 mL centrifuge tubes. 

3. Carefully layer 30 mL of diluted blood onto the Ficoll. 

4. Centrifuge tubes at 1000 rpm for 30 min at room temperature. 

5. Remove the upper yellow supernatant and discard leaving approx 5-6 mL of the 
top layer. Carefully collect the remaining yellow layer and the interface (buffy 
layer) containing the mononuclear cells. 

6. Wash collected cells with RPMI-1640 at 1500 rpm for 5 min. Discard the supernatant 
and resuspend the cells in 30-50 mL of RPMI-1640. Count the cells, recentrifuge, 
and discard the supernatant. Resuspend the cells at 20 x 10 6 cells/mL in RPMI-1640. 

3.1 .1 .2. To Remove the Platelets 

1. Add FCS (twice the volume the cells are in) to a 15-mL centrifuge tube. Care- 
fully layer the cells onto the FCS. Centrifuge at 1500 rpm for 5 min and discard 
the supernatant. Resuspend the cells at 2-8 x 10 7 cells/mL in PBS/BSA/ETDA. 

3.1 .1 .3. Immunomagnetic Labeling 

1. Add 100 uL of antibody cocktail for each mL of cells and mix well. 

2. Incubate on ice for 30 min or for 15 min at room temperature. 

3. Add 60 \xL of magnetic colloid for each mL of cells and mix well. 

4. Incubate on ice for 30 min or for 15 min at room temperature. 

5. Prepare the column during the incubation period. 

3.1 .1 .4. Column Preparation 

1. Remove column from its sterile package. Avoid touching the luer fitting. Place 
column into the magnet. 

2. Remove three-way stopcock from its sterile package and aseptically attach the 
luer lock to the column. Aseptically attach the 21 -gauge needle to the luer fitting 
on the stopcock directly below column. Check all connections. 

3. Set three-way stopcock to flow from the side port into the column. Fill a sterile 
syringe with PBS (no protein) and attach to the side of three-way stopcock. 
Slowly depress plunger of syringe to deliver PBS up the column until the level of 
PBS is above the stainless steel matrix of the column. Do not allow air bubbles to 
enter the mesh matrix. 
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4. To wash column, place a waste container below the exit needle. Add PBS/BSA/ 
EDTA to top of column and turn the three-way stopcock so the flow is from 
column down through the needle (side exit closed). Continue adding media until 
you have collected three column vol of wash media. Do not let the column dry at 
any time. Turn the three-way stopcock to stop flow of media from the column. 
The column is now ready for separation procedure. 

3.1 .1 .5. Separation Procedure 

1. Load the sample on top of the column. Turn the stopcock to start the flow of 
media down through the needle into a collection tube. Allow the sample to run 
into the matrix of column. Add media to the top of the column until you have 
collected three column vol of media plus the vol of your start sample. Turn stop- 
cock to stop flow of media. 

2. Centrifuge the collected suspension at 1000 rpm for 10 min. Discard the superna- 
tant and resuspend cells in the appropriate medium. This technique results in 
>95% CD3+ cell selection. 

3.1.2. Tumor-Infiltrating J -Cell Isolation 

3.1.2.1. Nylon Column Preparation 

1. Fill 60-mL syringe with 3.5 g of nylon and autoclave. 

3.1 .2.2. Digestion of Tumor 

1. Trim tumor of fat and normal tissue and cut it into approx 2 x 2-mm fragments 
with scalpels in a Petri dish under a sterile hood. Weigh tumor fragments and 
place into a specimen container. Wash with DMEM two or three times. 

2. Add 2 mL of digestion solution per g of tumor. If tumor is less than 10 g, add 
20 mL of digestion solution. Shake at 37°C for 2 h. 

3.1 .2.3. Preparation of Single-Cell Suspension 

1. Dilute digested tumor with DMEM and filter through mesh stainless-steel filter. 

2. Centrifuge at 1000 rpm for 10 min and discard supernatant. Resuspend pellet in 
DMEM and filter through nylon filters. Centrifuge at 1000 rpm for 10 min. 
Discard the supernatant and resuspend pellet in DMEM. 

3. Count the cells and dilute in RPMI-1640 to 2 x 10 6 cells/mL. Add 12 mL of 
Ficoll to 50 mL centrifuge tube and carefully layer 20 mL of diluted sample onto 
Ficoll. Next, centrifuge at 1000 rpm for 30 min at 18°C. Remove about two- 
thirds of the top layer and discard, leaving about 5-7 mL of the top layer. Care- 
fully remove the remaining 5-7 mL of the top layer and the interface layer and 
place in 50-mL centrifuge tube. Centrifuge sample at 1500 rpm for 5 min and 
discard the supernatant. Resuspend pellet in RPMI-1640 and count the cells. 
Dilute the cells to 5 x 10 6 cells/mL in complete RPMI-1640. 
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3.1 .2.4. Separation of Mononuclear Cells from Tumor Cells 
Through Nylon Column 

1. Wet the nylon column completely with RPMI-1640 and evacuate the air. Fill the 
nylon column with complete RPMI-1640 and keep at 37°C for 2 h. 

2. Add 10-15 mL of cell suspension into the nylon column and let it go into the 
column before adding more complete RPMI-1640. Keep at 37°C for 1 h and wash 
the column with 150-200 mL of warm complete RPMI-1640. Collect the eluate 
into 50-mL tubes. Centrifuge the samples at 1000 rpm for 10 min and discard the 
supernatant. Resuspend cells at 2-8 x 10 7 cells/mL in PBS/BSA/EDTA. 

3. For isolation of T-TILs, follow procedures described in Subheading 3.1.1.3. 

3.2. Characterization of Surface Antigens by Immunocytometry 

1. All procedures should be performed under dimly lit conditions. 

2. Resuspend cells at a density of approx 5 x 10 6 in 3% BSA/PBS. Add the first 
antibody solution or according to the protocol provided by the manufacturer. 
Incubate 30-45 min at 4°C. 

3. Wash cells twice in 3% BSA/PBS for 5 min by centrifugation at 1500 rpm. 

4. For labeled primary antibodies, analyze stained cells on the FACScan using 
appropriate emission and excitation wavelengths. Include the appropriately 
matched isotype control for each particular subclass of Ig and system employed. 

5. For unlabeled primary antibodies, resuspend cells at a density of approximately 
5 x 10 6 cells/mL in 3% BSA/PBS, then add the secondary antibody solution and 
incubate 30 min at 4°C. Wash cells twice in 3% BSA/PBS for 5 min at 1500 rpm. 
Analyze stained cells on the FACScan using appropriate emission and excitation 
wavelengths. 

3.3. Isolation of Cellular Extracts and Proteins 

3.3.1. Whole-cell Lysates 

1. After isolation of T-cells as described in Subheading 3.1., place 7-10 x 10 6 cells 
in media. 

2. Wash cells three times with PBS (1500 rpm for 5 min each time). 

3. Add inhibitors to the lysis buffer immediately prior to use for a final concentra- 
tion of 10 jig/mL PMSF, 2 jig/mL leupeptin, 2 u,g/mL aprotinin, 100 u,g/mL 
chymostatin. 

4. Resuspend cells in lysis buffer with inhibitors (100 u.L per 1 x 10 7 cells). Vortex 
for 2 s, and incubate on ice for 15 min. 

5. Centrifuge at 13000 rpm for 15 min and aliquot supernatant. This is the whole- 
cell lysate. 

6. Measure protein concentration with a commercial kit (Bio-Rad, Richmond, CA). 

3.3.2. Nuclear and Cytoplasmic Extracts 

1. Wash cells three times with PBS (1500 rpm for 5 min each time). Resuspend 
cells in 100 u,L of hypotonic buffer A per 10 x 10 6 cells. Add protease inhibitors 
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to buffer stock solution just before use (2 u,g/mL aprotinin, 2 [xg/mL leupeptin, 
1 mM DTT, 100 ng/mL pefabloc, 10 mg/ml phenylmethylsulfonyl fluoride 
(PMSF), 0.1 ng/mL chymostatin). Vortex and incubate on ice for 20 min. 

2. Add 10 \xL of 10% nonidet P-40 detergent, vortex vigorously and centrifuge at 
13000 rpm for 2 min. Aliquot the supernatant, which represents the cytoplas- 
mic extract. 

3. Rinse the pellet containing the nuclear extract with hypotonic buffer A, then 
resuspend it in buffer C (25 \iL per 1 x 10 7 cells) with the protease inhibitors 
added to the stock solution at the same concentrations given above. 

4. Incubate for 20 min at 4°C on a rock platform. 

5. Centrifuge samples (13,200 rpm) at 4°C for 10 min and aliquot nuclear extracts. 

6. Store at -70°C. 

3.4. Western Blotting for Signaling Proteins (Jak-3, RelA, p56 lck , 
p59'y" p50, STAT5) 

3.4.1. Polyacrylamide Gel Electrophoresis 

1 . Mix equivalent amount of protein (10-50 ng) with equal volume of 2X sample buffer. 
Include one lane for the molecular weight marker. Vortex and boil for 3-5 min. 

2. Load samples to each well of a polyacrylamide gel and electrophorese. 

3.4.2. Western Blotting 

1 . Transfer p roteins from gel to PVDF or nitrocellulose membrane using transfer 
apparatus (15 V, 3 mA/cm 2 for 30 min). 

2. Remove the blot from transfer apparatus and place into blocking buffer. Incubate 
the blot for 1 h at room temperature or overnight at 4°C. 

3. Dilute the primary antibody in the appropriate buffer as recommended on the 
product description sheet. Decant the blocking buffer from the blot and wash 
twice for 5 min with washing buffer. Place membrane in a clear plastic bag and 
add antibody solution. Carefully remove air and seal. Incubate with agitation for 
1 h at room temperature or overnight at 4°C. 

4. Decant the primary antibody solution, add wash buffer, and wash for 30 min with 
agitation, changing buffer every 5-10 min. 

5. Dilute the enzyme-conjugated appropriate secondary antibody 1:2000-1:5000 
in wash buffer containing 5% nonfat dry milk. Decant the wash buffer from the 
blot, add secondary antibody solution, and incubate with agitation for 30 min 
to 1 h at room temperature. Decant the secondary antibody solution, add wash 
buffer, and wash for 30 min with agitation, changing buffer every 5-10 min. 

6. Decant wash buffer, and place the blot on clean tray containing chemilumines- 
cent solution (0.25 mL/cm 2 ). Incubate the blot for 1 min at room temperature. 

7. Place blot in a clear sheet protector. Expose to X-ray film. Develop the film to an 
appropriate exposure. 
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3.5. Electrophoretic Mobility Gel Shift Assay (EMSA) 

3.5.1. Generation of Sequence-Specific Double-Stranded 
Oligonucleotide Probes 

1 . The synthetic oligonucleotide containing a tandem repeat of the consensus sequence 
for the NFkB DNA binding site corresponds to the kB element from the IL-2Ra gene. 
The sequence of the oligonucleotide is 5'CAACGGCAG GGGAATCTCC CTCTC- 
CTT3'. The underlined sequence represents the kB motif. 

2. Radiolabeled double-stranded oligonucleotide probes are prepared using a nick 
translation kit. A complementary DNA strand is synthesized using the 3' OH 
termini of the nick as a primer and incorporating [a- 32 P]dCTP as a label. 

3. Perform binding reactions using 10 u,g of nuclear protein preincubated on ice for 
10 min in a 20-mL total reaction volume of binding buffer. 

3.5.2. Preparation of Gel and Samples 

1. Prepare gel mixture using polyacrylamide:£>w (9 mL), 5X TBE (2.3 mL), ammo- 
nium persulfate (0.45 mL), TEMED (22.5 uL) and dd H 2 to a total volume of 
45 mL. Vortex and pour the gel. 

2. Once crosslinked, remove the comb, rinse the wells and prerun the gel in the gel- 
shift tank using running buffer for 30 min. 

3. Prepare samples with 6-10 ng of protein, adding equivalent amounts for each sample 
on a given gel. Add appropriate amount of incubation buffer containing DTT and 
poly (dldC) (see Subheading 2.5., item 4.). Incubate samples on ice for 10 min. 

4. Add equal amount of probe to each sample using 1-4 x 10 5 counts/sample. The 
total volume of the reaction mixture should be 25 \iL. Incubate with probe at 
room temperature for 20 min to allow hybridization. 

5. Unlabeled oligonucleotides may be added at 100-fold excess to the labeled probe 
to demonstrate specificity by competition. 

6. Load samples into lanes after the addition of loading dye. Run gel at 150 V, 
cooling with circulating water in apparatus until dye is 1-2 cm from bottom of 
the gel (2-3 h). 

7. Place gel on transfer paper and dry with vacuum gel dryer for 1 h. 

8. Cover with Saran Wrap and expose to X-ray film in cassette at -80 C C to desired 
exposure. 

9. For quantitation of band density, place the developed X-omat AR film on the 
light box and capture its image using the CCD camera (Sierra Scientific). Analyze 
the density under each band using Image 1.57 software. 

3.6. RNA Isolation and PCR Protocol 

3.6.1. Isolation of Total RNA from T-cells or Tumor Samples 

1. Wash cells (up to 10 8 ) twice with PBS. 

2. Add 5.5 mL of (GITC)/(3ME solution per 100 mm dish and transfer to a sterile 
Falcon tube then vortex. 
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3. Layer the sample onto 2.0 rriL of cesium chloride in a SW50.1/SW55 poly- 
allomer tube. Top with mineral oil and balance buckets. Centrifuge at 30,000 rpm 
for 18-20 h. 

4. Aspirate mineral oil and guanidine/cesium chloride from pellet and resuspend 
RNA pellet in 200 uL DEP H 2 and transfer to labeled Eppendorf tube. Rinse 
each ultracentrifuge tube with an additional 200 \iL and transfer to same 
Eppendorf tube. 

5. Add 45 uL 3 M sodium acetate (pH 8) to each 400 uL RNA solution. Mix well 
with pipet. 

6. Add 1 mL absolute alcohol to each RNA sample and precipitate overnight at -20°C. 

7. Spin Eppendorf tubes at maximum speed for 30 min and remove supernatants. 
Wash pellets three times with 70% EtOH. 

8. Dry in rotovac 10 min, and resuspend each pellet in 30-100 uL DEP H 2 0. 

9. Read optical density of 1:250 dilution in H 2 at 260 nm. (Concentration of 
RNA = OD 260 x 50 x dilution.) 

3.6.2. RT-PCR Protocol and Southern Hybridization 

1 . Begin with an appropriate concentration of total stock RNA ( 1 u,g/uL) resuspended 
in DEPC H 2 0. In an autoclaved eppendorf, add 5 uL of stock RNA to 7 uL of 
DEPC H 2 0. Incubate at 65°C for 5 min to denature the RNA into linear form. 

2. Prepare the RT mix in bulk. Add the enzymes last. Next add 8.5 uL of RT mix to 
each sample and incubate at 42°C for 1 h. If unable to continue at this point, the 
samples can be stored at -20°C until needed. 

3. Prepare the desired number and kind of dilutions. For the total number of samples 
intended for PCR, add the dilutions as well as the positive and negative controls. 

4. Transfer 10 uL of RT product to each autoclaved PCR tube (0.8 mL Eppendorf). 
Make up the PCR mix in bulk adding the enzymes last. Add 40 uE of PCR mix to 
each sample including a negative control. Top off each sample with approx 80 
u,L of mineral oil and place in thermocycler for the appropriate number of cycles 
at the correct temperature. 

3.6.3. Southern Hybridization 

1. Prepare gel with 100 mL of IX TBE and 1.5 g of agrose. Bring to a boil and pour 
gel into mold. Allow crosslinking of gel with appropriately sized comb in place. 

2. Place gel into Southern blotting dish and fill with IX TBE as running buffer. 

3. Prepare samples for loading: Add 2 \iL of appropriate molecular weight marker 
into microwell dish for each sample. Add 18 uL of sample to the corresponding 
wells and pipet up and down to mix thoroughly. Load the sample into the gel 
wells. Include one lane for the marker alone. Run the gel at 100 V for approx 
1 h or until marker has migrated far enough along that resolution of bands 
will be adequate. 

4 Remove the gel and examine it under UV light to evaluate band resolution. A 
polaroid can be obtained for recording the data. 
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5. Prepare denaturing and renaturing reagents and place gel in denaturing reagent 
for 15-30 min with gentle shaking. Next transfer to the renaturing reagent for an 
equal duration of time. 

6. Gel transfer: 

a. Make gel-transfer box using plastic container and 30-50 stacked sheets of 20X 
SSC-soaked 3MM filter paper. The stack of paper should fit in the container so 
that 1 inch of space between each side of stack and each side of box. Fill box to 
just below top to stack with 20X SSC. 

b. Cut nitrocellulose and four pieces of blotting paper to size of gel to be transferred. 
Place two pieces of the gel-sized blotting paper on top of stack in transfer box. 
Turn gel upside down and place on top of these pieces. Wet nitrocellulose with 
20X SSC and place on top of gel, removing bubbles with gloved finger. Place two 
additional pieces of blotting paper on top of the nitrocellulose. 

c. Place 8-in. stack of flat paper towels above gel, and add weight to enhance 
wicking. Surround gel perimeter with parafilm to prevent wicking into toweling 
not covering the gel. Leave overnight at room temperature. 

7. Hybridization 

a. Remove towels from apparatus, and recover gel/nitrocellulose combination. 
Mark location of gel wells on the nitrocellulose paper. Crosslink the gel to the 
membrane using UV crosslinker. 

b. Remove the gel from the membrane and discard. Place the membrane into a 
sealable pouch. Make prehybridization buffer and add 15 mL to the bag with 
the membrane. Remove all air and seal. Place in 42°C H 2 bath and agitate for 
3 h. Prepare the 20-[xL probe cocktail/ with 1-2 jiL of probe, 2 |iL poly- 
nucleotidekinase, 2 jxL of 10X polynucleotidekinase buffer (final concentra- 
tion = IX), 2-4 uL a- 32 P ATP. Place the cocktail in 37°C bath for 30 min. 

c. Make hybridization solution. Remove the membrane from the water bath and 
empty. Add 15 cc hybridization solution and 18 jxL of appropriately labeled 
probe. Remove all air bubbles and seal. Place in 42°C bath and agitate overnight. 

d. The following day, remove the specimen from the bath and discard the hybridiza- 
tion solution. Make wash solution (6X SSC with 20% SDS) and place membrane 
in wash solution on agitator to remove excess, nonspecific 32 P binding. Wrap the 
membrane in plastic wrap and expose to X-ray film until the appropriate exposure 
is achieved. 

3.7. Generation of Tumor Supernatants from Explants 

1. Trim tumor of fat and normal tissue. Cut tumor into approx 3x3 mm fragments 
with scalpels in a Petri dish under a sterile hood. Shake tumor fragments over- 
night in RPMI-1640 at 4°C. 

2. The next day, wash tumor fragments with RPMI-1640 2-3 times. 

3. Place tumor explants into a tissue-culture flask and add 15 mL of DMEM per 
each gram of tumor. Incubate for 3-4 d at 37°C with 95% air and 5% C0 2 . 

4. Harvest supernatant fluid and filter through nylon filter. Centrifuge sample at 
3000 rpm for 20 min. Aliquot and store at -70 C C. 
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3.8. Determination of T-cell Apoptosis 

3.8.1. TUNEL Assay 

1. Fix cells in 1% formaldehyde for a minimum of 15 min. 

2. Label cells with 50 uL of DNA solution containing 10 jxL of terminal deoxy- 
nucleotidyl transferase (TdT) reaction buffer (0.75 uL TdT enzyme, 8 uL of 
Br-dUTP and dH 2 0). 

3. Rinse cells prior to resuspending in 0.1 mL of solution containing fluorescein- 
PRB-1 antibody. 

4. Add propidium iodide/RNase A solution (0.5 mL) to each sample and incubate at 
room temperature for 30 min. 

5. Perform flow cytometric analysis within 2 h of sample staining. 

6. Percentages of apoptotic cells are obtained using quadrant analysis software 
(LYSIS II, Becton Dickinson, San Jose, CA). 

7. In situ TUNEL assays: 

a. Perform on formalin and B5-fixed RCC-embedded tumor tissue. 

b. Deparaffinize and rehydrate in xylene for 5 min at room temperature. 

c. Immerse and fix in graded alcohol washes (100-70% pure ethanol) then 
permeabilize using proteinase K (1 \iL of 2 mg/mL solution diluted 1:100 in 
lOmMTris). 

d. TUNEL staining is performed as in step 7a and coupled to an automated chro- 
mogenic detection on the Ventana Gen II in situ hybridization instrument 
(Ventana Medical Systems) after nuclear fast red counterstaining. 

e. Double-staining with anti-CD3 is performed using the Ventana 320 automated 
immunostainer. 

f. Apoptosis in T-TIL was assessed using conventional light microscopy. 

3.8.2. Assessment of Functional Caspase Activity 

1. Incubate samples (20-30 \ig of cell ly sates at 1 \iglmL) with 180 [xL of reaction 
buffer containing 100 \iM of appropriate fluorogenic/colorimetric substrate in 
96-well plate for 1-2 h at 37°C. 

2. Perform negative controls with substrate alone and positive controls with 
substrate plus active caspase enzymes. 

3. Monitor fluorescence/optical density on a microplate fluorimeter/colorimetric 
spectrophotometer using appropriate wavelengths. 

3.8.3. Cytochrome c Release 

1. Harvest cells and wash with PBS. 

2. Add 20 mL of buffer and disrupt cells by douncing approx 80 times in a 0.3-mL 
Kontes douncer with the pestle. 

3. Centrifuge at 13000 rpm for 15 min and collect the supernatant for Western blotting. 

3.8.4. Mitochondrial Permeability Transition (MPT) Assay 

1. Incubate cells with 100 nm 3,3'-dihexyloxacarbocyanine iodide (DiOC 6 ) in PBS 
for 15 min at room temperature. 
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2. Analyze cells with FACScan flow cytometer. Exclude dead cells by staining with 
propidium iodide and forward/sideward scatter gating. 

3. Use cells incubated with mCICCP, which completely disrupts MPT, as a 
positive control. 

4. Notes 

1. Live gating of the forward and orthogonal scatter channels may be employed to 
exclude debris and to selectively acquire lymphocyte events. 

2. When the RNA samples are finished, freeze to -20 C C, remove the mineral oil, 
and transfer to new, clean tubes. Store at -20°C until needed. 

3. For each mRNA amplified, the optimal cycle numbers and conditions must 
be determined. 
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Transforming Growth Factor-(31 as a Novel Marker 
of Response to Therapy for Renal Cell Carcinoma 

Howard L. Adler 



1. Introduction 

Renal cell carcinoma is expected to account for 30,000 new cancer cases 
and 1 1 ,900 cancer deaths in the United States in 1999 (7) . At the time of initial 
presentation, up to one-third of patients with renal cell carcinoma (RCC) have 
metastatic disease; furthermore, almost half of the patients resected for cure 
will relapse (2). Due to the poor results of cytotoxic chemotherapy in the 
management of metastatic RCC (3), physicians have explored the use of new 
therapies including immunotherapy and gene therapy. Some of these therapies 
are discussed in other chapters of this textbook. The use of these new therapies 
allows for the identification and utilization of new tumor markers that may 
allow investigators to identify patients at risk for advanced disease as well as 
establish new definitions of tumor response. 

One example of a new marker of response to therapy for renal cell carci- 
noma is vascular endothelial growth factor (VEGF). VEGF is expressed by 
RCC (4) and has been demonstrated to play a role in angiogenesis (5,6). VEGF 
is elevated in the sera of patients with localized and metastatic renal cancer and 
has been shown to decrease after resection of localized disease (7). Serum 
VEGF levels have also been shown to decrease in patients who responded to 
treatment with subcutaneous interferon alpha-2b (INF-a-2b) (8). In addition, 
urine levels of VEGF were found to rise in patients with progressive RCC in a 
trial of Razoxane, which is a topoisomerase II inhibitor with antiangiogenic 
properties (9). Moreover, Baccala et al. (10) recently demonstrated the utility 
of serum VEGF levels in following the clinical course of a patient who was 
treated with an irradiated human granulocyte macrophage-colony stimulating 
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factor (GM-CSF) gene transduced tumor vaccine for metastatic RCC. In this 
patient, levels of serum VEGF were found to be elevated in the presence of 
diaphragmatic and pulmonary metastases and decreased when the patient had a 
partial response to treatment (10). 

Circulating transforming growth factor-beta 1 (TGF-(31) is also a potential 
new marker of tumor response to treatment. This chapter describes the utility 
of TGF-(31 as a marker of response and the technique of obtaining plasma speci- 
mens suitable for TGF-(31 measurement. 

1. 1. TGF-$ 1 and Cancer 

TGF-(31 is a 25-kDa homodimer belonging to a large family of structurally 
related proteins (11,12). TGF-(31 is expressed in several cells and organs (13) 
and has multiple functions (summarized in Table 1) including inhibition of 
epithelial cells (14), promotion of angiogenesis (75), and inhibition of immune 
cells (16,17). In fact, TGF-(31 has both immunostimulatory and 
immunoinhibitory effects (summarized in Table 2) (18,19). 

TGF-(31 has been associated with several carcinomas. Systemic levels of 
TGF-(31 have been found to be elevated in patients with breast, colorectal, 
hepatocellular, lung, and prostate cancers (20-26). Circulating TGF-(31 levels 
have been shown to decrease in response to curative resection in patients with 
breast and colorectal malignancies (20,21). Furthermore, plasma TGF-(31 levels 
have been shown to decrease in response to radiation therapy in patients with 
lung cancer. Patients who responded to therapy maintained a low level of 
plasma TGF-(31, as opposed to those patients who had residual or recurrent 
disease (23). 

TGF-(31 has a strong relationship with RCC. Ramp et al. showed that TGF- 
(31 was secreted into the supernatant by renal carcinoma cell lines (27). Knoefel 
et al. also demonstrated the production of TGF-(31 and other cytokines by RCCs 
in primary culture (28). More importantly, TGF-(31 has been shown to be 
significantly elevated both in the plasma (29,30) and sera (31) of patients with 
RCC. Wunderlich et al. (31) were able to show a decrease in serum levels of 
TGF-(31 in 11 of 16 patients who underwent surgical resection for specimen- 
confined tumors. In contrast, all 5 patients who had distant metastases and/or 
lymph node involvement maintained elevated levels of TGF-(31 the primary 
tumor was removed (31) . 

TGF-(3 has also been shown to be a potential marker for immunotherapy. 
Puolakkainen et al. (32) found that plasma levels of TGF-(3 increase during 
immunotherapy with IL-2 in patients who achieve clinical regression of can- 
cer. They hypothesized that platelets were the source of the TGF-(3 in their 
patients as platelet counts decreased in those individuals receiving IL-2 (32). 
Adler et al. (33) demonstrated an increase in platelet -poor plasma TGF-(31 
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Table 1 

Roles of TGF-|31 

Inhibition of growth of normal epithelial cells 
Induction of stromal cell proliferation 
Induction of angiogenesis 

Inhibition of humoral- and cell-mediated immunity 
Inhibition of natural killer cell activity 



Table 2 

Dual Role of TGF-|31 

Immunostimulatory Immunoinhibitory 

Increase adhesion molecules Inhibit activated inflammatory cells 

Generate chemotactic gradient Promote fibroblast recruitment and activation 

Induce cytokine network 
Orchestrate leukocyte recruitment 
and activation 



levels in patients receiving suicide gene therapy for radiation resistant prostate 
cancer. Six of 18 patients receiving an intrapro static injection of an adenoviral 
vector containing the herpes simplex virus thymidine kinase gene (ADV/HS V- 
tk) followed by 2 wk of intravenous ganciclovir were found to have elevation 
of TGF-(31 with simultaneous evidence of T-cell activation (CD4 or CD8 cells). 
Only one patient had thrombocytopenia, whereas the remainder did not. The 
authors hypothesized that this increase in TGF-(31 represented stimulation of 
the immune system and/or tumor necrosis with release of TGF-(31 into the 
circulation (33). 

2. Materials 

Only a few materials are necessary for the collection of plasma that is suitable 
for the measurement of TGF-(31 : 

1. 21 -gauge butterfly. 

2. 5.0-mL Syringe. 

3. 4.0-mL ethylenediaminetetraacetic acid (EDTA) potassium 7.2-mg (EDTA-K 2 ) 
tubes. 

4. Pipet. 

5 . 1 .0-mL Eppendorf tubes . 

6. Centrifuge. 

7. -80°C freezer. 
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3. Methods 

3. 1. Rationale for Platelet-Poor Plasma 

Although there are several reports of the use of TGF-(31 as a marker of 
response to therapy for many cancers, there is no consensus as to the method- 
ology used in obtaining patient samples. Investigators have used serum 
(25,31), plasma (20-24,29,30), and platelet poor plasma (26). There is a dif- 
ference between the levels measured in each of these fluids, as the levels of 
TGF-(31 are not comparable. Moreover, authors often do not indicate whether 
or a vacuum tube has been used for sample collection. Marie et al. showed 
that there is a small, but real, difference between platelet-rich and platelet- 
poor plasma levels of TGF-(31 (34). Platelets may release from 5-25 ng of 
TGF-(31/mL of blood collected (35,36). Furthermore, the use of a vacuum 
tube to collect samples and/or allowing blood to clot (for serum samples may 
allow for the release of TGF-(31 from platelets. Adler et al. (26) showed that 
serum TGF-(31 levels are greatly increased over platelet poor plasma levels; 
furthermore, they demonstrated that there was no correlation between the 
serum and platelet poor plasma levels. As there is only a slight discrepancy 
between platelet poor and platelet rich levels of TGF-(31, either method may 
be acceptable for research studies. Serum levels of TGF-(31 are probably the 
least useful of the three choices. Further research and discussion in this area 
are required so that a consensus can be reached as to the methods used in 
measuring systemic TGF-(31 levels. 

3.2. Technique for Collecting Platelet-Poor and Platelet-Rich Plasma 

The method for collecting blood for use as platelet-poor plasma has been 
previously described (26). The techniques for obtaining both platelet -poor and 
platelet-rich plasma will be described. Both methods involve the use of no 
vacuum. Further research is needed to determine the significance of a vacuum 
tube on TGF-(31 levels. 

3.2.1. Platelet-Rich Plasma 

1. Using a 21-gauge butterfly, blood is collected from a median antecubital vein. 

2. 4.0 Milliliters (mL) of blood are collected into a 5.0-mL syringe by gentle aspiration 
of blood. 

3. Remove the cap of a 4.0-mL EDTA potassium 7.2-mg (EDTA-K2) tube. 

4. Gently place the blood into the EDTA tube. 

5. Replace the cap of the EDTA tube. 

6. Centrifuge at 1500 rpm for 10 min at room temperature. 

7. Pipet off the platelet-rich plasma into 1.0-mL Eppendorf tubes. 

8. Store at -80°C. 
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3.2.2 Platelet-Poor Plasma 

1 . Take the platelet-rich plasma that has been pipetted into the 1 .0-mL Eppendorf 
tubes in step 7. 

2. Centrifuge at 3000 rpm for 10 min at room temperature. 

3. Pipet off the platelet-poor plasma into 1.0-mL Eppendorf tubes. A faint platelet 
clump will be visible at the bottom of the tube. 

4. Store at -80° C. 

3.3. Conclusions 

Circulating TGF-(31 and other cytokines are potentially useful as new 
markers for staging various malignancies as well as for demonstrating response 
to novel therapies. The collection and measurement of TGF-(31 from plasma is 
easy, reliable, and reproducible. Levels of TGF-(31 are stable in frozen 
specimens and are reproducible after multiple freeze-thaw cycles. Further 
research will elaborate on the utility of circulating TGF-(31 and other cytokines 
in evaluating the response of tumors to novel therapies. 

4. Notes 

1 . When pipetting off the platelet-rich plasma, do not pour off the plasma or red 
blood cells will also pour off. 

2. When pipetting off the platelet-poor plasma, be careful to avoid disturbing the 
soft platelet pellet. 

3. Although it is recommended to avoid multiple freeze-thaw cycles, TGF-(31 is 
stable over several freeze-thaw cycles (26). 

4. Once samples are ready to be assayed for TGF-(31 levels, any of the commer- 
cially available enzyme-linked immunosorbent assay kits may be used. 
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Static and Flow Cytometry 

Ralph Madeb, Dov Pode, and Ofer Nativ 



1. Introduction 

It has been known for over 50 years that the amount of nuclear chroma- 
tin (DNA) in malignant neoplasms differs from that of homologous normal 
cells (1). More recently, it has been shown that nuclear DNA content corre- 
lates with the clinical outcome of various human neoplasms including uro- 
logic malignancies (2-10). An important problem in the care of patients 
with renal cell carcinoma (RCC) is the prediction of the neoplasms malig- 
nant potential, and in turn the patient's prognosis. Various parameters have 
been used to assess the malignant potential of renal cell carcinoma, includ- 
ing clinical and pathologic stage, histologic grade, tumor size, nuclear mor- 
phology, immunohistochemistry, age, elevated erythrocyte sedimentation 
rate, and hypercalcemia. To date, the most important predictors of progno- 
sis in patients with RCC have been tumor pathologic stage, histologic grade 
and type (11,12). However, it has been shown that patients within a speci- 
fied stage and grade may differ in their disease progression and survival 
(13,14). Furthermore, none of these variables alone or in combination has 
shown to provide total reliable prognostic information for the individual 
patient. These reasons led several groups to evaluate the prognostic value 
of nuclear DNA content in patients with renal cell carcinoma. Many 
researchers have found correlations between DNA ploidy pattern, histo- 
pathologic variables, and patient outcome (4-6,9,10,13-16). As a general 
rule, low-grade tumors have a normal DNA content that is, predominantly 
diploid. In contrast, high-grade tumors are usually characterized by an 
aneuploid DNA content with highly variable DNA values. 
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Currently, there are two techniques for the determination of DNA ploidy 
pattern in solid tumors — flow and static cytometry. Both methods are now used 
in RCC and allow analysis of fresh and archival samples embedded in paraffin 
blocks. Improvements in cell preparative and staining techniques have allowed 
cytometry to emerge as a powerful tool for the analysis of DNA content and 
proliferative activity. Static cytometry is based on the Feulgen staining reac- 
tion described in 1924 by Feulgen and Rossenbech in which nuclear DNA is 
stained reddish-purple (17). Microscopic analysis of the Feulgen-stained nuclei 
is carried out using a photomicroscope and the image of the investigated cells 
are projected either in a microscope or on a video screen. Suitable nuclei in the 
field are selected from the total sample by successively removing the unwanted 
cells, thus focusing on the population in question. It has been estimated that 
about 100 single cells is an adequate representation of the tumor cell popula- 
tion (18). The optical density of examined nuclei reflects the amount of DNA 
bound dye and is compared to that of normal cells. In turn, the determination of 
DNA ploidy is established. If the mean optical density is similar to that of the 
normal cell control group, then the tumor ploidy is classified as DNA diploid; 
otherwise the tumor DNA ploidy is considered aneuploid (see Fig. 1). A newer 
technique using fluorescence image analysis instead of optical density has been 
described (19). In view of the fact that static cytometry allows the direct 
visualization of the tumor sample, malignant cells are preferentially selected 
resulting in a population of cells with increased specificity. The main advan- 
tage of static cytometry is the ability to determine DNA ploidy from a small 
number of tumor cells, subsequently reducing the size of the tumor sample. 
Despite its advantages, DNA analysis by static cytometry has been criticized 
as being operator dependent, time consuming, and inefficient as each nucleus 
must be chosen and measured individually. 

A distinctive feature of flow cytometry is the capability to rapidly analyze 
large populations of cells in suspension. In contrast to static cytometry, flow 
cytometry requires more tissue volume, which can be fresh or paraffin-embed- 
ded. The tissue must be disaggregated into single cells in suspension for flow 
cytometry to be performed. In 1983 Hedley and associates described a tech- 
nique that analyzed the DNA content from nuclei extracted from formalin- 
fixed, paraffin-embedded archival tumor tissue (20) (see Fig. 2). His technique 
is widely used today and obviates the need for fresh tissue. The suspension of 
isolated nuclei is stained with fluorescent dyes according to the technique 
described by Vindel0v et al. (21) (see Fig. 3). The stained nuclear suspension 
is transferred to the flow cytometer for DNA analysis. As the cells pass through 
an intense beam of light they become excited and fluoresce. The cell's fluores- 
cence-intensity is proportional to the amount of DNA in the nucleus and is 
stored in a computer. The entire examined cell population is later displayed as 
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Fig. 1. Reconstructive DNA histograms of the integrated optical density obtained 
by static image cytometry from specimens of renal cell carcinoma and controls. 



a histogram (see Fig. 4). Cell samples that have histograms that resemble 
those of benign normal tissues are classified as normal or DNA diploid. A 
population of tumor cells that contained a significant increase in the G2 (4C) 
peak of the cell cycle is characterized as being DNA tetraploid. The DNA 
ploidy pattern is considered aneuploid if there is a third separate peak that is 
different from the G0/G1 (2C) peaks (see Fig. 5). The ability to detect abnor- 
mal DNA ploidy by flow cytometry is limited when the proportion of tumor 
cells in the original specimen is less than 10-20%. Although flow analysis is 
rapid and commonly involves measurements of thousands of cells per sample, 
a major flaw with flow cytometric analysis is its inability to discriminate 
between normal host cells and tumor cells that have a DNA diploid content. 
In addition, the presence of a minority of aneuploid cells may also be masked 
when there is an abundance of non-malignant cells in the sample (22). Con- 
sequently, there will be errors in the interpretation of DNA histograms 
obtained using flow cytometry. 

Because both static and flow cytometry have certain advantages and 
disadvantages, these methods may work in a complimentary fashion in order to 
increase the specificity of tumor detection along with improving the determi- 
nation of prognosis. In this chapter we shall describe the methods used for the 
determination of DNA ploidy by static and flow cytometry. 
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Fig. 2. Schematic diagram of the Hedley technique. 
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Fig. 4. Schematic illustration of the basic principles involved in flow cytometric 
DNA analysis using the fluorescence-activated cell sorter (FACS) for sorting nuclei 
from suspension. The nuclear suspension is transferred to the FACS where it passes 
through a narrow tube. The argon laser beam excites the fluorescent dyes at the same 
time as the photomultipliers monitor the emissions from each dye. The individual cell 
fluorescence-intensity is analyzed and stored in a computer which is displayed as a 
histogram of the entire examined population of cells. 



2. Materials 

2. 1. Tissue Fixation, Embedding, and Sectioning 
for Static Cytometry 

2.1.1. Tissue Fixation 

1. Glass container. 

2. 10% neutral buffered-formalin. 

3. 100, 95, 70% Ethanol 

2.1.2. Tissue Embedding 

1. Paraplast Plus® (Oxford, St. Louis, MO). 

2.1.3. Tissue Sectioning 

1. Standard microtome. 

2.2. Preparation of Slides and Coverslips 

1. Water bath set at 40°C. 

2. Elmer's glue. 

3. Distilled water. 
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Fig. 5. Typical flow cytometric DNA histogram patterns found in patients with 
renal cell carcinoma. Samples with histograms similar to those seen in normal tissues 
are classified as DNA diploid (A). Samples that have a third separate peak, different 
from the G0/G1 (2C) peaks, are classified as aneuploid (B). If there is a significant 
increase in the G2 (4C) peak then the sample is classified as tetraploid (C). 



2.3. Feu I gen Staining Technique 

1. Xylene. 

2. 100, 95, 70, 50, and 30% ethanol. 

3. Distilled water. 

4. 5/VHC1. 

5. Schiff reagent (Pararosaniline, distilled water, 1 NHCl, potassium metabisulfate). 

6. Sulfurous acid (S0 2 ). 

2.4. Image Analysis 

1. Interactive image analyzer composed of a photomicroscope equipped with a 12 
V halogen lamp. 

2.5. Preparation of Single Cell Suspension 

1. Histoclear. 

2. 100, 95, and 70% Ethanol. 

3. Distilled water. 

4. Pepsin. 

5. Sodium Chloride (NaCl). 

6. 2/YHC1. 

7. Water bath set at 37°C. 

8. Vortex. 

9. Centrifuge. 
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2.6. Vindelov Staining Technique 

2.6.1. Citrate Buffer 

1. Sucrose. 

2. Trisodium citrate • 2H 2 0. 

3. Distilled water. 

4. DMSO (Dimethylsulfoxide). 

2.6.2. Stock Solution 

1. Trisodium citrate • 2H 2 0. 

2. NonidetP40. 

3. Spermine Tetrahydrochloride. 

4. THAM (Tris(hydroxymethyl)methylamine). 

5. Distilled water. 

2.6.3. Solution A 

1. Trypsin. 

2. Stock solution. 

2.6.4. Solution B 

1. Trypsin inhibitor. 

2. Ribonuclease A. 

3. Stock solution. 

2.6.5. Solution C 

1. Propidium Iodide. 

2. Spermine tetrahydrochloride. 

3. Stock solution. 

4. Tinfoil. 

2.6.6. Nylon Mesh Filter with a 30-\xm Pore Diameter 

2.7. Flow Cytometric DNA Analysis 

1. Fluorescence-activated cell sorter (FACS) equipped with an argon ion laser. 

3. Methods 

3. 1. Tissue Fixation, Embedding, and Sectioning 

for Static Cytometry 

3.1.1. Tissue Fixation 

1. The fresh surgical specimen is placed in a glass container and fixed in 10% 
neutral-buffered formalin. 

2. The specimens are dehydrated with increasing concentrations of ethanol (EtOH), 
70, 95, and 100%, for 30 min each at 40°C. 

3. The specimens are then subjected to two changes of xylene for 15 min each at 
room temperature. 
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3. 1.2 Paraffin-Embedding 

1 The formalin fixed tissue is embedded in Paraplast Plus® (Oxford) at 60° C. 

3.1.3. Tissue Sectioning 

1. The paraffin-embedded tissue blocks are cut into 4-6 u.m thick sections using 
standard microtome. 

3.2. Preparation of Slides and Coverslips 

1. Two to three tissue sections are placed in a water bath set at 40°C for 1 min. 

2. The tissue sections are removed from the water bath with a slide that was 
previously immersed in a solution of 15 mL Elmer's glue dissolved in 85 rnL of 
distilled water. 

3. The tissue sections are then dried in an oven that was preset at 40°C for 12 h. 

3.3. Staining 

The formalin fixed paraffin embedded sections are stained according to the 
Feulgen method for DNA. This method was introduced by Feulgen and 
Rossenbeck (see ref. 17) in 1924 and is based upon the Schiff reaction for 
aldehydes. This staining technique is carried out in two steps: 

1 . Mild acid hydrolysis — which splits the purine bases from the carbohydrate moiety 
of the DNA molecule subsequently liberating the aldehyde group of the 
deoxyribopentose sugar molecule. 

2. Aldehyde reaction: The second step where the liberated aldehyde group from the 
acid hydrolysis reacts with a decolorized or leuco Schiff reagent and is thereby 
converted into the colored form. This indicates that a covalent bond has been 
formed to the DNA. 

After the reaction takes place the portions of the nuclei that contain DNA 
stain reddish-purple. Due to the fact that the Feulgen reaction is specific for 
DNA, removal of other cell components such as RNA, is not needed. 

3.3.1. Feulgen Reaction 

Table 1 summarizes the Feulgen staining schedule. 

1. The tissue is deparaffinized by two changes of xylene for 10 and 5 min, respec- 
tively. 

2. The sections are then put through a series of ethanol (EtOH) hydration of 
decreasing concentrations — 100, 95, 70, 50, and 30% for 5 min each. 

3. The sections are then washed with distilled water. 

4. The sections are hydrolyzed with 5 TV HC1 for 1 h and then dipped in distilled 
water (see Note 1). 

5. After the sections are hydrolyzed they are stained with the Schiff reagent, (see 
Note 2) adjusted to a pH of 1.5 with HC1 just before use, for 1 h. 
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Table 1 

Feulgen Stain Technique for Static DNA Measurement 



Agent 



Time 



Xylene 
Xylene 
100% EtOH 

95% EtOH 
70% EtOH 
50% EtOH 
30% EtOH 

Distilled water 

5 N HC1 (at room temperature) 

Distilled water 

Schiff Stain (adjusted to pH 1.5 with HC1) 

S0 2 wash 
S0 2 wash 
S0 2 wash 
Running tap water 
Distilled water 

30% EtOH 
50% EtOH 
70% EtOH 
95% EtOH 
100% EtOH 
100% EtOH 

Xylene 
Xylene 

Mounting 



10 min 

5 min 
5 min 

5 min 
5 min 
5 min 
5 min 

5 min 

lh 

ldip 

1 h 

10 min 
10 min 
10 min 

5 min 
5 min 

5 min 
5 min 
5 min 
5 min 
5 min 
5 min 

5 min 
25 min 

2h 



6. When the sections are removed from the Schiff reagent they are placed into three 
successive sulfurous acid (S0 2 ) baths for 10 min each (see Note 3). The S0 2 
solution should be prepared immediately before use. 

7. The S0 2 baths are followed by a wash in running tap water and distilled water for 
5 min each. This is then followed by a dehydrating process with increasing 
concentrations of EtOH— 30, 50, 70, 95, and 100% for 5 min each. 

8. Finally the sections are subjected to two changes of xylene for 5 and 25 min, 
respectively, and then mounted (see Note 4). 
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3.4. Image Analysis 

1. Image analysis of the Feulgen-stained nuclei is carried out by using an inter- 
active image analysis system composed of a photomicroscope equipped with a 
12-V halogen filament lamp. 

2. The microscopic fields are scanned with a video camera and projected to an 
external monitor. 

3. The user selects 100-200 suitable tumor nuclei on the projected field, and all 
irrelevant cells are eliminated. 

4. The integrated optical density (IOD) of all the remaining nuclei is measured by 
image measurement software. 

5. The mean IOD value of the neoplastic nuclei is compared to that of 30-50 nuclei 
of surrounding normal cells, which serve as a control group. 

6. Cell populations having a DNA index (mean IOD of the examined cells divided by 
that of the controls) equal to or less than the highest value obtained from the controls 
are classified as normal or diploid. The remaining cells are considered aneuploid. 

3.5. Tissue Fixation, Embedding, and Sectioning for Flow Cytometry 

3.5. 1 Tissue Fixation 

1 . The fresh surgical specimen is placed in a glass container and fixed in 10% neutral 
buffered-formalin. 

2. The specimens are dehydrated with increasing concentrations of ethanol (EtOH), 
70, 95, and 100%, for 30 min each at 40°C. 

3. The specimens are then subjected to two changes of xylene for 15 min each at 
room temperature. 

3.5.2 Paraffin Embedding 

1. The formalin fixed tissue is embedded in Paraplast Plus® (Oxford) at 60°C. 

3.5.3. Tissue Sectioning 

1. Three 40-|im thick paraffin-embedded tissue sections are cut with the use of 
standard tissue microtome and are placed in a 10-mL glass culture tube. The 
specimens may be stored up till 3 d before running. 

3.6. Preparation of Single-Cell Suspension 

Nuclear suspension from paraffin-embedded sections is prepared by using 
the technique described by Hedley and colleagues (see ref. 20 and Fig. 2). 

1. The paraffin-embedded cut sections are de waxed by two 4 mL washes of 
Histoclear for 10 min each. 

2. The dewaxed remaining tissue is then rehydrated in a sequence of 3 mL of 100, 
95, and 70% ethanol (EtOH) for 10 min each at room temperature. 

3. The tissue is then washed twice in 3 mL of distilled water for 10 minutes each 
and resuspended in 1 ml of 0.5% pepsin in 0.9% sodium chloride (NaCl), adjusted 
to pH of 1.5 with 2 N HC1 (see Note 5). 
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4. The tubes with the specimens are placed in a water bath set at 37°C for 60 min 
and subjected to intermittent vortex mixing. 

5. The resulting nuclear suspension is centrifuged at 2800 rpm for 10 min to form a 
nuclear pellet, and the pepsin supernatant is discarded. 

3.7. Staining 

The isolated nuclei are stained with propidium iodide using the Vindel0v 
method described by Vindel0v and co-workers (see ref. 21 and Fig. 3). The 
solutions that are needed for the staining technique have been labeled Solu- 
tions A-C, and their constituents are listed in Subheading 4 (6-11). 

1 . The nuclear pellet is resuspended and gently mixed in 0. 1 ml of citrate buffer (see 
Notes 5, 11, and 13). 

2. 0.9 mL of solution A is added to the nuclear suspension and gently mixed for 
10 min (see Notes 8,11, and 12). 

3. Then, add 0.75 mL of solution B and mixed gently for 10 min (see Notes 9 and 11). 

4. Finally, add 0.75 mL of solution C to the suspension (see Notes 10, 11, and 14). 

5. The solutions are mixed and the sample is filtered through a 30-|im pore diameter 
nylon mesh filter to provide single nuclei and to eliminate nuclear clumps. 

6. Samples are then processed on the flow cytometer (see Note 15). 

3.8. Flow Cytometric Nuclear DNA Analysis 

1 . Nuclear DNA content is measured on a FACS (fluorescence-activated cell sorter) 
flow cytometer equipped with an argon ion laser. 

2. Every group of specimens should be standardized with Fullbright Fluorospheres, 
to control day-to-day channel variations. 

3. Histograms of 10-20,000 nuclei for each sample should be recorded at a maximal 
scanning rate of 1000 nuclei per second. 

4. Cell-cycle evaluation of the DNA histograms and the coefficient of variation of 
the G0/G1 (2C) peak derived by flow cytometry are obtained by using a specifi- 
cally designed computer program (e.g., Dean and Jett mathematical analysis). 

5. Samples with histograms similar to those of benign normal tissues are classified 
as normal or DNA diploid. 

6. A population of tumor cells that contain a significant increase in the G2 (4C) 
peak (more than three standard deviations above the observed mean of the G2 
(4C) peak for non-tumor controls) are classified DNA tetraploid. 

7. Samples that contain a third additional peak (different from the G0/G1 (2C) or 
G2 (4C) peaks) are classified as being aneuploid. 

4. Notes 

1. Hydrolysis is the most important step in the Feulgen reaction because at this 
point the nuclei are disrupted. In the reaction, purine bases are liberated from the 
nucleic acid molecule thereby unmasking the aldehyde group of the deoxyribose 
sugar moiety. The task of acid hydrolysis is to efficiently remove the purine bases 
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without destroying the DNA. Deitch and co-workers have demonstrated that acid 
hydrolysis for 1 h with 5 NHCl at room temperature is ideal for stain uptake (23). 

2. The Schiff reagent can be prepared by dissolving 0.5 g of pararosaniline (basic 
fuchsin) in 100 mL of boiling distilled water. The solution is then cooled to 50° C, 
and then filtered. 10 mL of 1 N HC1 and 2 g of potassium metabisulfate (K2S2O5) 
is added to the filtrate. The solution is tightly closed in a chemically cleaned 
bottle and placed in the dark for 24 h. Note that during this time the pararosa- 
niline is converted to a straw-colored compound. One teaspoon of activated 
charcoal is then added to the solution for decolorization. The solution is shaken 
and then filtered. The clear strain is stored in 46°C if needed. For optimal results 
the pH of the stain should be adjusted to 1.5 with HC1 prior to usage. 

3. The SO2 wash is prepared immediately before use by dissolving 1 g of potassium 
metabisulfate (K 2 S 2 5 ) in 10 mL of 1 A? HC1 and 190 mL of distilled water. 

4. We use mounting media with a refractive index ranging from 1.518 to 1.521. 

5. If it is needed, it is possible to store the suspensions overnight before the trypsin 
is added. 

6. The citrate buffer is composed of: 

a. 17.1 g sucrose 

b. 2.35 g trisodium citrate • 2H 2 

c. 160 mL distilled water 

d. lOmLDMSO 

e. Adjust pH to 7.6 

7. The stock solution is composed of: 

a. 2 g trisodium citrate • 2H 2 

b. 2 mL Nonidet P40 

c. 1.044 g spermine tetrahydrochloride 

d. 0.121 gTHAM 

e. 2000 mL distilled water 

f. Adjust pH to 7.6 

8. Solution A is composed of: 

a. 0.015 g trypsin 

b. 500 mL stock solution 

c. Adjust pH to 7.6 

9. Solution B is composed of: 

a. 0.25 g trypsin inhibitor 

b. 0.05 g ribonuclease A 

c. 500 mL stock solution 

d. Adjust pH to 7.6 

10. Solution C is composed of: 

a. 0.208 g propidium iodide 

b. 0.580 g spermine tetrahydrochloride 

c. 500 mL stock solution 

d. Adjust pH to 7.6 

e. Wrap in foil to protect from light 
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11. Solutions A-C, and citrate buffer are good for 2 wk. 

12. The pepsin is good for 1 wk. 

13. If nuclear pellet is very small then it is recommended to use half the amounts of 
solutions A, B, and C. 

14. Solution C, which contains propidium iodide, needs to be protected from light by 
use of tinfoil during the preparation, storage, and staining. 

15. Samples should be processed on the flow cytometer within 30 min after the 
addition of solution C. 
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